AD- A 1 32  907 
UNCLASSIFIED 


FORECASTING  MUNICIPAL  AND  INDUSTRIAL  WATER  USE:  A 
HANDBOOK  OF  METHODS(U)  ARMY  ENGINEER  INST  FOR  WATER 
RESOURCES  FORT  BELVOIR  VA  J  J  BOLAND  ET  AL .  JUL  83 
IWR-CR-83C-01  F/G  5/1 


U3 


1 


Hi 


MICROCOPY  RESOLUTION  TEST  CHART 

IWTIONAL  BUREAU  Of  STANDARDS  I%j  A 


US  Army  Corps 
of  Engineers 


Engineer  Institute  for 
Water  Resources 


Forecasting  Municipal 
and  Industrial  Water  Use: 

A  HANDBOOK  OF 
METHODS 


July  1983 


Contract  Report  83C-01 

10  9 


UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  op  this  page  (Whan  Data  Entarad) 

REPORT  DOCUMENTATION  PAGE  befoIeVomple^g  form 

1.  REPORT  NUMBER  |2.  GOVT  ACCESSION  NO.  3  RECIPIENT'S  CATALOG  NUMBER 


[I  REPORT  NUMBER 


Contract  Report  -  83C-01 

♦-  TITLE  (and  Subtitlm) 

Forecasting  Municipal  and  Industrial  Water 
Use:  A  Handbook  of  Methods 


s.  TYPE  OF  REPORT  a  PERIOD  COVERED 


6.  PERFORMING  ORG.  REPORT  NUMBER 


7.  author/*; John  J.  Boland  Jane  L. Pacey 

Wai-See  Moy  Roland  C.  Steiner 

Dept,  of  Geography  &  Environmental  Engineering 
John  Hopkins  University,  Baltimore,  MD  21218 
».  performing  organization  name  and  address  ~  ' 

U.S.  Army  Corps  of  Engineers 
Institute  for  Water  Resources 
Ft.  Belvoir,  VA  22060 
11.  controlling  office  name  and  address 
U.S.  Army  Corps  of  Engineers 
Institute  for  Water  Resources 
Ft.  Belvoir,  VA  22060 


8.  contract  or  grant  NUMBER/*; 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  a  WORK  UNIT  NUMBERS 


12.  REPORT  DATE 

July  1983 

13.  NUMBER  OF  PAGES 

211 


M.  MONITORING  AGENCY  NAME  »  ADDRESS///  dlllmrmnt  /nun  Controlling  Olll co)  IS.  SECURITY  CLASS,  (ol  Ihla  report; 

Unclassified 

IS*.  DECL  ASSIFlC  ATI  on' DOWNGRADING 
SCHEDULE 

l«  DISTRIBUTION  STATEMENT /o/ Nil.  Report)  ~  *'  " 

Approved  for  public  release;  distribution  unlimited 


[  17.  DISTRIBUTION  STATEMENT  (ol  tho  abatract  entered  In  Block  20,  II  dlflarant  trom  Raport) 


IB.  SUPPLEMENTARY  NOTES 


19  KEY  WORDS  (Continue  on  ravaraa  at  dm  if  nacaaaary  and  idantity  by  block  numbmr) 

Water  use  forecasting;  water  supply;  water  use  data;  forecasting  methods; 
forecast  requirements 


20.  ABSTRACT  fContbaua  an  rararam  a/B  ft  nmcmaaaty  and  idantity  by  block  numbar) 

"Vhe  report  presents  practical  guides  to  forecasting  water  use  under  four 
distinct  applications  providing  specific  suggestions  for  approaches  to  common 
pr  ob lems  . 


DD  ijam*71  1473  COITION  OF  I  NOV  «S  IS  OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Kntarad) 


FORECASTING  MUNICIPAL  AND  INDUSTRIAL  WATER  USE: 


A  HANDBOOK  OF  METHODS 


by 


John  J.  Boland 
Wai-See  Moy 
Roland  C.  Steiner 
Jane  L.  Pacey 


. . .  ■department  of  Geography  and  Environmental  Engineering 

ion  For  i 


The  Johns  Hopkins  University 
Baltimore,  Maryland  21218 


TABLE  OF  CONTENTS 


Page 

TABLE  OF  CONTENTS .  ii 

LIST  OF  TABLES .  vi 

LIST  OF  FIGURES .  ix 

LIST  OF  ABBREVIATIONS .  x 

I.  HOW  TO  USE  THIS  HANDBOOK .  1-1 

Purpose .  1-1 

Organization .  1-1 

Use . 1-2 

II.  DATA .  II-l 

Data  Sources .  1 1  - 1 

Data  Types . . .  1 1  - 1 

Sources .  1 1 -3 

Data  Collection  Effort .  1 1 -3 

Data  Levels .  1 1 -6 

III.  FORECASTING  METHODS .  III-l 

Overview .  III-l 

Selection  Criteria .  1 1 1 -4 

Data  Availability .  III-4 

Study  Area  Characteristics .  1 1 1-4 

Forecast  Application .  II 1-6 

IV.  OTHER  ISSUES .  IV- 1 

Study  Area  Definition .  IV-1 

Multi-Jurisdiction  Forecasts .  IV-2 

Water  Conservation .  IV-3 

With-  vs.  Without-Project  Conditions .  IV-4 

Alternative  Futures .  IV-5 

Sectoral  Disaggregation .  IV-6 


iii 


TABLE  OF  CONTENTS 
(Continued) 


Sampling  Water  Use  Data. 


Time-Series  vs.  Cross-Sectional  Analysis. 


V.  EXAMPLE  A  -  LEVEL  1  DATA. 


Background  and  Approach. 


Study  Area . . . . 

Forecast  Requirements . 

Choice  of  Forecasting  Method. 


Data  Collection. 


Population  and  Connection  Data. 

Water  Use  Data . 

Other  Information . 


Water  Use  Forecast. . 
Analysis  of  Results. 


Procedural  Problems . 

Sensitivity  Analysis . 

Detail  vs.  Aggregation . 

With-  vs.  Without-Project  Conditions. 

Application  of  Results . 

Comparison  with  Other  Forecasts . 


VI.  EXAMPLE  B  -  LEVEL  2  DATA. 


Background  and  Approach. 


Study  Area . 

Forecast  Requirements, 


Data  Collection. 


Explanatory  Variables. 

Water  Use  Data . 

Other  Information . 


Water  Use  Forecast. . . 

Model  Formulation. 
Forecast . 


Analysis  of  Results. 


Procedural  Problems . 

With-  vs.  Without-Project  Conditions. 
Comparison  with  Other  Forecasts . 


VI-14 

VI  -14 
VI-27 

VI-30 

VI-30 

VI-35 

VI-35 


TABLE  OF  CONTENTS 
(Continued) 

Page 

VII.  EXAMPLE  C  -  LEVEL  3  DATA .  VII-1 

Background  and  Approach .  VII-1 

Study  Area .  VII-1 

Forecast  Requirements..... .  VII-1 

Choice  of  Forecasting  Method .  VII-3 

Data  Collection .  VII-3 

Demographic  and  Housing  Data. .  VII-3 

Water  Use  Data . . . VII-6 

Other  Information . VII-13 

Water  Use  Forecast .  VI I -15 

Sectoral  Forecasts .  VII-15 

Combined  Forecast .  VII-20 

Analysis  of  Results .  VII-20 

Procedural  Problems . VII-20 

With-  vs.  Without-Project  Conditions .  VII-22 

Application  of  Results .  VII-22 

Comparison  with  Other  Forecasts . VII-22 

VIII.  EXAMPLE  D  -  LEVEL  4  DATA .  VIII-1 

Background  and  Approach .  VIII-1 

Study  Area .  VIII-1 

Forecast  Requirements .  VIII-1 

Choice  of  Forecasting  Method .  VI II -2 

Data  Collection .  VIII-5 

Base  Year  Data .  VIII-5 

Historic  Data .  VIII-10 

Other  Information .  VIII-10 

Water  Use  Forecast .  VIII-12 

Assumptions .  VIII-12 

IWR-MAIN  Forecast .  VI 1 1-15 

Analysis  of  Results .  VI 1 1  - 2 1 

Data  and  Model  Limitations .  VI 11-21 

Problems  Encountered .  VI 1 1 -25 

With-  vs.  Without-Project  Conditions .  VIII-26 

Application  of  Results .  VIII-26 

Comparison  with  Other  Forecasts .  VII 1-28 


v 


F 


TABLE  OF  CONTENTS 
(Continued) 

Page 

Appendix .  VIIl-30 

IX.  EXAMPLE  E  -  PROBABILISTIC  FORECAST .  IX- 1 

Background  and  Approach .  IX-1 

Data  Collection .  IX-1 

Basic  Forecast  Data .  IX-1 

Probability  Estimates .  IX-2 

Forecast . . .  IX-6 

Analysis  of  Results .  IX-10 

Problems  Encountered .  IX-10 

Application  of  Results .  IX-10 

Comparison  with  Other  Forecasts .  IX-11 


X.  REFERENCES 


X-l 


LIST  OF  TABLES 


Table  No.  Page 

1 1 -  1  Factors  Which  Influence  Municipal  and  Industrial  II-2 

Water  Use 

1 1-2  Data  Sources  for  Commonly  Used  Variables  1 1 -4 

1 1 - 3  Levels  of  Data  Availability  1 1  - 7 

1 1 1 - 1  Comparison  of  Forecasting  Approaches  II 1-2 

1 1 1 - 2  Forecasting  Methods  and  Data  Requirements  1 1 1-5 

V-l  City  and  Satellite  Community  Connections  -  V-3 

1970-1981 

V- 2  Water  Service  Area  Population  Forecast  -  1980-2030  V-5 

V-3  Local  College  Full-Time  Enrollment  -  1970-1981  V-6 

V-4  Effective  City  Population  -  1970-1981  V- 7 

V-5  Effective  City  Connections  -  1970-1981  V-9 

V-6  Effective  Number  of  Concentrations  for  Water  Supply  V-10 

System  -  1970-1981 

V-7  Per  Customer  Water  Use  -  1970-1981  V- 1 1 

V-8  Forecast  Water  Use  -  1980-2030  V-17 

V-9  Comparison  with  Other  Forecasts  V-20 

VI-1  Distribution  of  Study  Area  Employment,  1981  VI-2 

VI-2  Housing  Units  and  Value  of  Building  Permits,  1970-1980  VI-5 

VI-3  Average  Temperature,  1970-1980  VI-6 

VI-4  Total  Rainfall,  1970-1980  VI-7 

VI-5  Moisture  Deficit,  1970-1980  VI-8 

VI-6  Annual  Water  Use  Data,  1970-1980  VI-10 

VI-7  Percentage  Changes  in  Public  and  Unaccounted  VI-11 

Water  Use  by  Sector 


vii 


PPP*W 


LIST  OF  TABLES 
(Continued) 


Table  No.  Page 

VI-8  Seasonal  and  Non-Seasonal  Municipal  Water  Use,  VI-12 

1970-1980 

VI-9  Population  Daily  Municipal  Water  Use,  Per  Capita  VI-16 

Use,  1970-1980 

VI-10  Number  of  Connections,  Water  Use  Per  Connection  and  VI-18 

Population  Per  Connection,  1970-1980 

VI-11  Industrial  Employment,  Water  Use  and  Water  Use  Rates,  VI-21 

1970-1980 

VI-12  Municipal  Water  Use  Variables  VI-24 

VI-15  Correlation  Matrix  VI-25 

VI-14  Seasonal  Water  Use  Variables,  1970-1980  VI-28 

VI-15  Projected  Values  of  Explanatory  Variables,  1985-2050  VI-29 

VI-16  Projected  Industrial  Employment  for  the  Service  Area,  VI-51 

1985-2050 

VI-17  Forecast  Municipal  Water  Use,  1985-2050  VI-52 

VI-18  Projected  Industrial  Water  Use  for  the  Study  Area,  VI-55 

1985-2050 

VI-19  Comparison  with  Other  Forecasts  VI-56 

VII-1  Study  Area  Land  Use  Projections,  1970-2000  VII-2 

VII-2  Study  Area  Population,  1790-1980  VII-4 

VII-5  Central  City  Population  Change,  1960-1980  VII-5 

VII-4  Study  Area  Population  and  Household  Data,  1940-2050  VII-7 

VII-5  Manufacturing  Firms  (SIC  2  and  5)  Using  More  Than  VI I - 1 1 

Approximately  50,000  gpd,  1975 

VII-6  Study  Area  Employment  Projections,  1975-2050  V 1 1  - 1 2 

VII-7  Disaggregate  Water  Use,  1975  VII-14 

VII-8  Residential  Water  Use  Forecast,  1975-2050  VI I - 1 7 

viii 


LIST  OF  TABLES 
(Continued) 


Table  No. 

Page 

VII-9 

Commercial /Industrial  Water  Use  Forecast,  197S-2030 

VII-18 

VII-10 

Military  Water  Use  Forecast,  1975-2030 

VII-19 

VII-11 

Combined  Forecast,  1975-2030 

VII-21 

VII-12 

Comparison  with  Other  Forecast 

VII-23 

VI 1 1- 1 

Internal  Structure  of  the  IWR-MAIN  System 

VI 1 1-3 

VIII-2 

List  of  Base  Year  General  Information,  IWR-MAIN 

System 

VI 1 I -6 

VII 1-3 

List  of  Base  Year  Residential  Data,  IWR-MAIN  System 

VIII-8 

VIII-4 

List  of  Base  Year  Commercial  and  Institutional  Para¬ 
meter  Data,  IWR-MAIN  System 

VIII-9 

VIII-S 

List  of  Historical  Data,  IWR-MAIN  System 

VIII-11 

VIII-6 

Example  of  Residential  Water  Requirements  Report, 

1980 

VI I 1-16 

VIII-7 

Example  of  Commercial  Requirements  Report,  i980 

V 1 1 1  - 1 7 

VIII-8 

Example  of  Industrial  Water  Requirements  Report, 

1980 

V 1 1 1  - 1 8 

VIII-9 

Example  of  Public  and  Unaccounted  Water  Use  Report, 
1980 

VI I 1-19 

VIII-10 

Example  of  Annual  Summary  Report,  1980 

VII 1-20 

VIII-11 

Summary  of  Recorded  and  Estimated  1980  Water  Use 

VIII-22 

VI 11-12 

Summary  of  Forecast  Water  Use,  1980-2030 

VIII-23 

VI 1 1 - 1 3 

With-Project  Water  Use  Forecast,  2000-2030 

VIII-27 

VIII-14 

Comparison  with  Other  Forecast 

VIII -29 

IX- 1 

Comparison  With  Other  Forecast 

ix 

IX-12 

LIST  OF  FIGURES 


Figure  No,  Title  Page 

V-l  Historic  Trend  in  Per  Customer  Water  Use,  1970-1981  V - 1  2 

V-2  Forecast  of  Per  Customer  Water  Use,  1981-203C  V-15 

V-3  Forecast  of  Annual  Water  Use,  1980-2030  Y-16 

VI-1  Seasonal  and  Non-Seasonal  Municipal  Water  Use,  VI -13 

1970-1980 

VI-2  Per  Capita  Municipal  Water  Use  Rate,  1970-1980  Vl-17 

VI -3  Municipal  Water  Use  Per  Connection,  1970-1980  VI -19 

VI-4  Population  Per  Connection,  1970-1980  VI-20 

VI-5  Industrial  Water  Use  Per  Employee,  1970-1980  VI -22 

VII-1  Study  Area  Civilian  Population  Data  VI 1-8 

VII-2  Study  Area  Household  Size  VII-9 

VIII-1  Population  Forecast,  1980-2030  VIII-13 

VIII-2  Per  Capita  Personal  Income  Forecast,  1980-2030  VI 1 1 - 14 

VIII-3  Municipal  Water  Use  Forecast,  1980-2030  VI I I -24 

IX- 1  Forecast  Water  Use  Histogram,  2000  IX-8 

IX-2  Cumulative  Probability  Distribution  of  Forecast  IX-9 

Water  Use,  2000 


LIST  OF  ABBREVIATIONS 


[ 

( 

gpcd 

gpd 

gped 

gpm 

HH 

MFR 

mgd 

pphh 

SFR 

SIC 

SMSA 


Gallons  per  capita  per  day 

Gallons  per  day 

Gallons  per  employee  per  day 

Gallons  per  minute 

Household  unit 

Multi-family  residence 

Million  gallons  per  day 

Persons  per  household 

Single  family  residence 

Standard  Industrial  Classification 

Standard  Metropolitan  Statistical  Area 


xi 


I.  flow  TO  (JSi:  THIS  IIANUBOOK 


Purpose 


The  U.  S.  Army  Corps  of  engineers  plans,  designs  and  constructs  water 
resource  development  projects  which  typically  include  water  supply  as  one 
of  a  number  of  purposes.  The  Corps  also  prepares  water  resource  management 
plans  for  river  basins,  metropolitan  areas,  or  other  subdivisions  in  re¬ 
sponse  to  specific  Congressional  mandates,  or  as  a  consequence  of  requests 
for  technical  assistance  from  state  or  local  governments,  forecasts  of 
future  municipal  and  industrial  water  use  are  central  to  all  of  these  ac¬ 
tivities.  The  timing  and  scale  of  projects,  and  the  usefulness  and  relevancy 
of  water  management  plans,  depend  critically  on  the  quality  of  water  use 
forecasts . 

This  report  is  one  of  a  series  of  documents  intended  to  assist  Corps 
field  planners  in  applying  the  best  and  most  appropriate  techniques  to  each 
water  use  forecasting  problem.  1WR  Contract  Report  81-C03,  An  Annotated 
Bibliography  on  Techniques  of  Forecasting  Demand  for  Water,  (Pziegielewski , 
et  at. , 1981,  cited  as  Annotated  Bibliography)  provides  an  overview  of  the 
literature  on  this  subject.  Issued  at  the  same  time,  IWR  Contract  Report 
81-C05,  An  Assessment  of  Municipal  and  Industrial  Water  Use  Forecasting 
Approaches,  (Boland,  et'al.,  1981,  cited  as  Forecasting  Assessment )  contains 
a  critical  evaluation  of  the  principal  forecasting  methods  now  available. 
Using  the  results  of  that  evaluation  as  a  point  of  departure,  this  handbook 
is  intended  as  a  practical  guide  for  planners  engaged  in  performing  water 
use  forecasts,  providing  specific  suggestions  for  approaches  to  common 
problems . 

If  there  is  a  lesson  to  be  learned  from  this  handbook  it  is  this: 
there  is  no  single  method  which  is  suitable  for  all  applications.  Rather, 
there  are  a  variety  of  forecasting  methods  which  may  be  considered,  ranging 
from  the  most  simplistic  to  complex,  data-intensive  techniques.  In  every 
forecasting  situation,  the  method  chosen  should  make  the  best  use  of  avail¬ 
able  data  to  provide  a  credible,  reliable  forecast.  This  handbook  illus¬ 
trates,  by  a  series  of  practical  examples,  the  choice  and  application  of 
forecasting  method  in  each  of  a  range  of  planning  situations.  The  examples, 
together  with  general  discussion  of  common  data  collection  and  forecasting 
problems,  are  intended  to  assist  the  field  planner  in  making  informed  choices 
among  forecasting  methods,  in  properly  applying  the  chosen  method,  and  in 
accurately  interpreting  the  results. 


Organization 


The  handbook  has  two  main  divisions:  Sections  I -IV  treat  a  range  of 
general  issues;  while  Sections  V-IX  provide  practical  examples  of  the  actual 


application  of  methods  and  approaches  discussed.  Section  I  is  intended  to 
give  the  reader  a  general  overview  of  the  handbook,  and  to  indicate  the  in¬ 
tended  use  of  the  information  contained.  Section  II  discusses  data  avail¬ 
ability  and  data  collection,  and  its  relevance  to  the  choice  of  forecasting 
method. 

Section  III  describes,  briefly,  available  forecasting  methods,  together 
with  criteria  for  their  selection.  This  is  followed  by  Section  IV,  which 
reviews  a  number  of  common  forecasting  issues  and  problems. 

Sections  V  through  VIII  provide  descriptions  of  the  actual  application 
of  various  forecasting  methods,  ranging  from  the  simplest  to  one  of  the  most 
complex  (The  IWR-MAIN  System).  In  addition.  Section  IX  describes  the  appli¬ 
cation  of  a  probabilistic  forecasting  method  to  the  forecast  previously 
developed  in  Section  VII.  References  to  related  literature  are  given  in 
Section  X. 

Use 


This  handbook  is  organized  as  a  reference  work,  rather  than  as  a  trea¬ 
tise  on  water  use  forecasting.  It  is  hoped  that  field  planners  will  be  able 
to  answer  specific  questions  about  forecast  techniques  by  referring  to  spe¬ 
cific  sections  of  the  handbook,  without  the  need  to  study  all  of  the  material 
presented.  The  following  paragraphs  indicate  the  proper  use  of  the  handbook 
in  the  context  of  some  common  forecasting  problems. 

What  data  rrust  be  collected?  from  which  sources? 

Section  II  describes  data  types  and  data  sources,  and  offers  some 
general  guidelines  for  determining  the  proper  data  collection  effort.  Four 
discrete  levels  of  data  availability  are  defined  in  order  to  facilitate 
later  discussion.  The  planner  should  note  which  defined  level  or  levels 
most  closely  resemble  the  forecasting  problem  at  hand. 

What  forecasting  method  or  methods  should  be  used?  what  are  the  strengths 
and  weaknesses  of  alternative  methods? 

Forecasting  methods  are  described  in  general  terms  in  Section  III, 
together  with  criteria  for  choosing  the  appropriate  method  in  each  applica¬ 
tion.  In  some  cases,  the  level  of  available  data  will  restrict  the  effec¬ 
tive  choice  to  a  few  methods.  Where  more  data  are  available,  the  choice  of 
methods  is  wider. 

How  is  the  study  area  defined? 

What  about  study  areas  which  contain  more  than  one  water  supply  system? 

How  is  water  conservation  incorporated  into  the  forecast? 
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Must  the  forecast  be  disaggregated  by  user  sector? 
How  about  with-  vs.  without-project  conditions? 


These  and  other  issues  arise  in  most  water  use  forecasting  applications. 
They  are  discussed  in  general  terms  in  Section  IV.  In  addition,  the  examples 
given  in  Section  V  through  IX  indicate  how  these  issues  were  handled  in  the 
context  of  specific  applications. 


How  should  the  selected  forecast  method  be  applied? 
How  much  documentation  is  typically  required? 

How  should  forecast  results  be  interpreted? 


Sections  V  through  VIII  consist  of  practical  examples  of  water  use  fore¬ 
casts  associated  with  each  of  the  four  levels  of  data  availability.  Each 
section  describes  the  application  of  the  selected  method,  and  presents  and 
discusses  the  results.  Also,  Section  IX  illustrates  a  probabilistic  tech¬ 
nique  for  dealing  with  certain  assumptions.  While  this  technique  can  be 
used  in  conjunction  with  most  forecast  methods,  it  was  applied  here  to  the 
results  of  the  forecast  performed  with  level  3  data  (Section  VII). 

It  can  be  seen  that  most  users  of  this  handbook  will  need  to  become 
generally  familiar  with  the  contents  of  Sections  1  through  IV.  The  material 
in  Sections  V  through  IX  can  be  referred  to  as  needed. 


1 1 .  DATA 


Data  Sources 


DATA  TYPliS 


Three  general  types  of  data  may  be  of  interest: 

1.  Past  levels  of  water  use  (aggregate  and/or  disaggregate); 

2.  Past  levels  of  potential  explanatory  variables;  and/or 

3.  Projected  future  levels  of  potential  expl anatory  variables 
(existing  projections  by  other  agencies). 

Water  use  forecasts  always  require  data  for  one  or  more  potential  ex¬ 
planatory  variables,  and  usually  require  data  for  water  use  itself.  An 
explanatory  variable  is  one  which  lias  been  observed  to  explain,  in  whole 
or  in  part,  past  variations  in  water  use.  It  can  be  expected,  therefore 
to  assist  in  explaining  variations  in  future  water  use.  The  most  frequently 
used  explanatory  variable  is  service  area  population,  although  many  other 
demographic,  socio-economic,  geographic,  climatic,  and  technologic  variables 
can  be  considered.  One  of  the  simplest  available  forecasting  approaches 
(the  per-capita  method)  requires  knowledge  of  past  aggregate  water  use  (item 
no.  1),  past  population  levels  (item  no.  2),  and  expected  future  population 
levels  (item  no.  3).  More  advanced  methods  may  use  detailed  disaggregations 
of  past  water  use  and  historic  values  for  as  many  3S  several  hundred  explan¬ 
atory  variables,  as  well  as  projections  for  some  of  these. 

fable  11-1  lists  factors  which  are  known  to  affect  municipal  and  in¬ 
dustrial  water  use.  These  factors  identify  or  suggest  many  of  the  variables 
which  mu>  be  considered.  As  these  factors  determine  water  use  at  the  indi¬ 
vidual  user  level,  variables  must  also  be  provided  which  indicate  the  number 
of  .. sers  (population,  number  of  households,  number  of  connections,  number  of 
industrial  users,  etc.). 

Water  use  forecasts  may  be  made  on  the  basis  of  time-series  or  cross- 
sectional  analysis.  Time-series  analysis  examines  historic  variations  in 
water  use,  in  response  to  variations  in  the  levels  of  explanatory  variables, 
within  the  service  area  under  study.  Cross-sectional  analysis,  on  the  other 
hand,  focuses  on  variations  in  water  use  among  a  number  of  locations  (cities, 
urban  areas,  etc.)  in  response  to  variations  in  the  levels  of  explanatory 
variables  for  those  same  locations.  Cross-sectional  data  usually  pertain 
to  a  single  time  period,  although  time-series  and  cross-sectional  data  may 
be  used  together,  liacli  method  has  advantages  and  disadvantages,  as  dis¬ 
cussed  in  Section  IV.  The  method  chosen  determines  the  data  to  he  collected 


Table  1 1 - 1 .  Factors  Which  Influence  Municipal  and  Industrial  Water  ijs 
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SOURCES 


There  are  two  major  sources  of  data  available  to  the  forecaster.  First, 
data  may  be  obtained  from  state  or  regional  agencies,  including  water  re¬ 
sources  boards,  employment  security  agencies,  industrial  development  agencies, 
departments  of  community  and  economic  affairs,  and  planning  agencies.  Water 
resources  agencies  may  be  able  to  give  a  good  assessment  of  planning  for 
water  resources  as  well  as  an  inventory  of  the  extent  and  nature  of  water  re¬ 
sources  data  within  the  region.  Listings  of  state  and  regional  agencies  may 
be  found  in  most  public  libraries.  Second,  water  utilities  and  local  plan¬ 
ning  agencies  within  the  study  area  can  usually  indicate  the  availability  of 
local  data.  Common  sources  for  selected  variables  are  shown  on  Table  11-2. 

The  difficulty  of  obtaining  data  depends  to  a  large  extent  on  the  level 
of  water  use  disaggregation  chosen.  The  finer  the  level  of  disaggregation 
(in  terms  of  the  size  of  the  service  area  and  the  extent  of  sectoral  break¬ 
down),  the  more  difficult  it  is  to  obtain,  for  example,  detailed  demographic 
information  for  intercensal  years.  Often  data  are  only  available  for  the 
state  or  SMSA,  which  may  be  much  different  from  the  study  area.  Generally, 
the  smaller  the  study  area,  the  more  reliance  must  be  placed  on  data  from 
local  agencies.  However,  state  or  regional  planning  agencies  should  always 
be  contacted  as  they  may  have  undertaken  studies  in  various  regions  and  will 
perhaps  have  some  detailed  information  for  smaller  areas. 

Disaggregation  of  data  remains  a  problem  if  the  relevant  information 
is  only  available  from  federal  sources.  For  example,  the  most  disaggregate 
OBERS  population  projections  are  for  SMSA's.  If  these  are  the  only  popula¬ 
tion  projections  available  and  the  study  area  is  smaller  than  the  SMSA, 
judgments  must  be  made  as  to  what  percentage  of  growth  can  be  attributed  to 
the  study  area.  Alternatively,  it  may  be  preferable  to  extrapolate  the 
growth  rate  on  the  basis  of  historic  data  for  the  study  area. 


Data  Collection  Effort 


The  effort  required  to  secure  data  varies  widely  from  variable  to  vari¬ 
able,  and  from  forecasting  application  to  forecasting  application.  Some 
data  may  be  readily  available  in  the  required  form,  either  in  Corps  offices 
(data  already  collected  for  an  Existing  Conditions  Report,  planning  study, 
etc.)  or  in  the  offices  of  the  water  utility  or  a  state  or  local  agency. 

Data  collection  effort,  in  these  cases,  may  consist  of  a  telephone  call,  an 
exchange  of  correspondence,  or  an  office  visit.  In  other  cases,  data  col¬ 
lection  may  require  strenuous  and  time-consuming  efforts,  such  as  manual 
analysis  of  water  billing  records,  field  survey  of  users,  continual  referral 
from  agency  to  agency  in  search  of  data,  etc. 


Perhaps  the  single  most  important  decision  in  the  development  of  a  fore¬ 
cast  is  to  determine  how  much  data  to  collect.  This  decision  influences  the 
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_ Table  11-2.  Data  Sources  for  Commonly  Used  Variables _ 

Historic  Data 

1.  Water  use  data  (municipal  and  industrial) 

Water  utility 

2.  Population  data 

State,  regional,  or  local  planning  agency 
Water  utility 

Economic  development  agency 
City  or  regional  planning  agency 
U.  S.  Census  of  Population 

3.  Number  of  households  or  dwelling  units:  other  demographic  variables 

State,  regional,  or  local  planning  agency 
U.S.  Census  of  Population,  Housing 

4.  Number  of  connections 

Water  utility 

5.  Climatic  data 

National  Weather  Service,  NOAA,  U.S.  Dept,  of  Commerce 
Dept,  of  Meteorology  or  Climatology,  State  University 
Water  utility 

6.  Water  and  wastewater  rate  structure 

Water  utility 

7.  Other  economic  variables 

State,  regional,  or  local  planning  agency 

U.S.  Census  of  Population,  Housing,  Business,  Manufactures 

Real  property  assessment  agency 

8.  Policy  variables 

State  or  local  governments 
Water  utility 
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I'abic  I I-J.  (eont.)  Data  Sources  for  Commonly  Used  Variables 
Historic  Data 


9.  Manufacturing  employment,  output,  processes 

Local  or  regional  economic  development  agency 

State  employment  agency 

U.S.  Census  of  Manufactures 

U.S.  Bureau  of  Labor  Statistics 

Individual  firms 


Projected  Data 


10.  Population,  household  size,  number  of  households,  etc. 

State,  regional,  or  local  planning  agency 
Economic  development  agency 
OBERS  projections 

11.  Economic  variables 

State,  regional,  or  local  planning  agency 
OBERS  projections 

12.  Manufacturing  employment 

State,  regional,  or  local  agency 
Economic  development  agency 
OBERS  projections 
Individual  firms 


choice  of  forecasting  method  and  has  a  major  impact  on  the  quality  and  credi¬ 
bility  of  the  resulting  forecast.  The  more  accurate  and  complete  the  data 
used,  the  more  reliable  and  useful  the  resulting  forecast,  and  the  more  ef¬ 
ficient  and  productive  the  plans  and  projects  that  result  from  the  forecast. 
In  every  case,  the  data  collection  effort  must  be  designed  to  balance  the 
cost  of  data  collection  against  the  value  of  improved  forecast  quality. 

Many  forecast  methods  require  information  on  historic  water  use  disag- 
gretated  by  user  sector  (residential,  commercial,  etc.).  Disaggregate  fore¬ 
casts  provide  more  complete  information  to  the  planning  process,  facilitate 
the  consideration  of  water  conservation,  and  comply  with  the  requirements 
of  federal  water  resource  planning  procedures.  Yet  few  water  utilities  are 
able  to  provide  disaggregate  water  use  data.  Sometimes  the  data  may  be  ob¬ 
tained  by  analysis  of  billing  records;  in  other  cases,  there  may  be  no 
immediate  means  of  classifying  customer  accounts  by  user  sector.  Still, 
the  data  can  be  obtained.  With  the  cooperation  of  the  water  utility,  meter 
readers  can  be  used  to  classify  accounts,  so  that  billing  records  can  later 
be  analyzed.  The  task  may  require  several  meter  reading  cycles  to  complete, 
and  should  be  undertaken  wherever  justified  by  the  resulting  improvement  in 
the  quality  of  the  resulting  forecast.  It  is  the  responsibility  of  the 
planner  to  determine  the  appropriate  data  collection  effort  in  each  planning 
situation. 


Data  Levels 

As  discussed  in  Section  III,  forecasting  methods  are  chosen  according 
to  the  forecast  application,  the  characteristics  of  the  study  area,  and  the 
type  and  quality  of  data  which  are  available  given  appropriate  data  collec¬ 
tion  effort.  In  order  to  simplify  discussion  of  the  relationship  between 
data  availability  and  forecasting  method,  four  discrete  levels  of  data 
availability  are  defined  on  Table  II-3.  These  levels  are  broadly  defined, 
and  actual  data  sets  may  not  exactly  conform  to  any  of  them.  Still,  the 
defined  levels  are  useful  as  benchmarks  to  indicate  relative  amounts  of  data, 
so  that  appropriate  forecasting  methods  can  be  suggested.  Where  an  applica¬ 
tion  involves  data  exceeding,  in  some  respects,  one  of  the  defined  levels, 
but  not  fully  corresponding  to  the  next  higher  level,  techniques  from  several 
forecasting  methods  may  be  combined  to  yield  a  forecast  which  makes  use  of 
all  available  data. 


LEVEL  1  —  Water  Use  Data:  Readily  available  aggregate  production  and 

customer  data 

Demographic  Data:  Aggregate  data  available  from  public  records, 

such  as  Census  reports 

Other  Data:  Qualitative  descriptions  of  service  area 

characteristics  and  trends 


LEVEL  2  —  Water  Use  Data:  As  in  Level  1,  except  data  on  industrial 

water  use  separately  available 

Demographic  Data:  As  in  Level  1 

Other  Data:  As  in  Level  1,  plus  climatic,  demographic, 

economic  and  other  aggregate  data  available 
from  public  records 


LEVEL  5  —  Water  Use  Data:  Water  use  and  customer  data  disaggregated  by 

user  sector 

Demographic  Data:  As  in  Level  1,  plus  additional  data  on 

family  sizes,  housing  characteristics,  etc. 

Other  Data:  As  in  Level  2 


LEVEL  4  —  Water  Use  Data:  As  in  Level  3 

Demographic  Data:  Comprehensive  data  are  available  regarding 

household  numbers,  sizes,  compositions,  in¬ 
cluding  forecasts  of  key  variables 

Other  Data:  Comprehensive  socio-economic  data  are  avail¬ 

able,  including  employment  characteristics 
and  forecasts,  water  prices,  family  incomes, 
home  values,  commercial  activities,  etc. 
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III.  FORECASTING  METHODS 


Overview 


A  complete  review  of  water  use  forecasting  practice  would  reveal  a 
very  large  number  of  individual  methods  and  techniques.  Many  of  these  are 
described  in  the  literature  (see  Annotated  Bibliography)  in  at  least  general 
terms.  In  order  to  analyze  and  compare  methods,  the  Forecasting  Assessment 
groups  them  into  categories,  where  each  category  contains  a  range  of  specific 
techniques  having  similar  characteristics. 

Some  categories,  such  as  simple  prediction  (pure  judgmental  forecasting), 
collective  judgement  (e.g.,  Delphi  techniques),  and  simple  time  extrapolation 
(using  no  explanatory  variables  other  than  time)  can  be  omitted  as  they  have 
little  or  no  acceptance  in  forecasting  water  use.  Six  categories  are  defined: 

1.  Per  capita  methods 

2.  Per  connection  methods 

3.  Unit  use  coefficient  methods 

4.  Multivariate  requirements  model  methods 

5.  Demand  model  methods 

6.  Contingency  tree  methods. 

The  first  three  categories  include  only  single  coefficient  methods:  they 
each  employ  a  single  explanatory  variable.  The  fourth  and  fifth  categories 
contain  multiple  coefficient  methods,  using  more  than  one  explanatory  vari¬ 
able.  The  sixth  category,  contingency  tree  methods,  represents  a  single 
type  of  probabilistic  approach.  Other,  approaches  would  be  possible,  but  are 
not  yet  found  in  practice.  The  characteristics  of  these  six  categories  are 
summarized  on  Table  1 1 1  - 1 . 

Of  the  single  coefficient  methods,  the  per  capita  approach  is,  by  far, 
the  most  widely  used.  As  shown  in  the  Forecasting  Assessment ,  however,  it 
has  serious  shortcomings  in  most  forecasting  applications.  By  limiting  the 
number  of  explanatory  variables  to  one  —  population  -  the  per  capita  method 
omits  many  factors  known  to  affect  water  use:  housing  type,  household  size, 
climate,  levels  of  commercial  activity,  income,  price,  etc.  The  U.S.  Water 
Resources  Council  Principles  and  Guidelines  (1983)  state  that  these  addi¬ 
tional  factors  should  be  included,  and  that  forecasts  should  be  prepared 
on  a  sectorally  disaggregated  basis  (separately  for  each  major  user  sector). 
The  per  capita  method  does  not  lend  itself  to  either  goal. 

Because  of  the  omission  of  most  explanatory  variables  and  the  necessarily 
aggregate  nature  of  the  per  capita  method,  it  is  difficult  to  determine  the 
effectiveness  of  individual  water  conservation  measures,  hindering  the  full 
evaluation  of  water  conservation  as  an  alternative  to  supply.  Accordingly, 
the  per  capita  method  is  not  suitable  for  most  project  planning  applications, 
although  it  may  suffice  for  preliminary  or  reconnaissance  studies  which 
later  lead  to  project  identification  and  planning.  On  the  other  hand,  this 
method  is  simple,  requires  little  data,  and  the  data  are  easily  obtained. 
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Another  type  of  single  coefficient  approach  replaces  the  population 
variable  with  number  of  connections  (customers).  The  advantage  of  per  con¬ 
nection  methods  is  that  historical  data  on  number  of  connections  to  a  water 
supply  system  is  more  readily  available  and  more  accurate  than  data  on  past 
population,  which  must  be  allocated  to  the  service  area  and  interpolated 
between  census  years.  Number  of  connections  is  well  correlated  with  number 
of  household  units,  which  is,  in  turn,  better  correlated  with  water  use 
than  is  total  population.  Aside  from  these  factors,  which  refer  primarily 
to  data  availability  and  reliability,  the  per  connection  method  retains  all 
of  the  advantages  and  disadvantages  of  the  per  capita  method. 

Other  methods  based  on  a  single  explanatory  variable  (other  than  popu¬ 
lation  or  number  of  connections)  are  collectively  named  unit  use  coeffi¬ 
cient  methods.  These  methods  may  be  applied  to  aggregate  water  use  (as  a 
function  of  number  of  households,  for  example)  or  to  sectoral  water  use 
within  the  framework  of  a  disaggregate  forecast.  In  the  latter  case,  com¬ 
mercial  water  use  may  be  forecast  as  a  function  of  number  of  households, 
and  industrial  water  use  as  a  function  of  number  of  industrial  employees, 
for  example.  When  used  in  a  disaggregate  forecast,  the  unit  use  coefficient 
methods  may  be  consistent  with  the  Principles  and  Guidelines  (provided  sig¬ 
nificant  explanatory  variables  are  not  omitted)  and  permit  evaluation  of 
water  conservation  measures.  These  methods  may  be  used  in  all  types  of 
studies  and  require  only  moderate  amounts  of  data,  usually  available  with 
low  to  moderate  difficulty. 

Methods  which  incorporate  more  than  one  explanatory  variable  fall  into 
one  of  two  categories:  those  employing  requirements  models  and  those  using 
demand  models.  Requirements  models  include  variables  observed  to  be  signi¬ 
ficantly  correlated  with  water  use,  not  necessarily  including  price  of 
water,  and  household  or  per  capita  income.  Demand  models,  on  the  other 
hand,  are  based  on  economic  reasoning,  and  include  only  variables  which  are 
(1)  expected  to  be  causally  related  to  water  use  and  (2)  found  to  be  signi¬ 
ficantly  correlated  with  water  use.  Demand  models  include  price  and  income, 
as  well  as  other  variables.  The  number  and  nature  of  explanatory  variables 
actually  used  in  these  models  may  vary  greatly  from  one  application  to 
another,  according  to  data  availability,  required  accuracy,  local  conditions, 
etc. 


Multiple  coefficient  methods,  when  employed  in  disaggregate  forecasts, 
meet  the  requirements  of  the  Principles  and  Guidelines  and  permit  full  eval¬ 
uation  of  water  conservation  measure  effectiveness.  They  are,  in  general, 
too  complex  for  preliminary  or  reconnaissance  studies,  but  are  well  suited 
to  most  other  planning  applications.  Data  requirements  may  be  considerable, 
depending  upon  the  number  of  explanatory  variables  used,  and  some  types  of 
data  may  be  comparatively  difficult  to  collect.  Data  collection  efforts, 
of  course,  must  be  balanced  against  potential  improvements  in  the  reliability 
of  the  forecast. 

Contingency  tree  methods,  the  only  type  of  probabilistic  approach  ex¬ 
amined  here,  provide  a  means  for  considering  uncertain  factors  in  a  water  use 
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forecast.  Ordinarily  the  contingency  tree  approach  requires  that  a  base 
forecast  be  prepared  by  one  of  the  methods  discussed  above.  The  base  fore¬ 
cast  is  then  modified  to  reflect  the  effect  of  all  possible  combinations 
of  the  uncertain  factors,  one  combination  at  a  time,  and  the  joint  proba¬ 
bility  of  each  of  the  combinations  is  associated  with  the  forecast  water 
use  expected  to  result  from  that  combination.  The  characteristics  of  this 
method  are,  in  general,  the  same  as  the  characteristics  of  the  forecast 
method  used  to  develop  the  base  forecast,  except  that  additional  data  col¬ 
lection  requirements  may  be  imposed.  Also,  probabil istic  methods  are  likely 
to  be  too  complex  for  preliminary  or  reconnaissance  planning  efforts. 


Selection  Criteria 


DATA  AVAILABILITY 


The  forecasting  methods  described  in  this  section  have  widely  different 
data  requirements.  The  quantity  and  type  of  data  available,  therefore,  de¬ 
termine  which  forecasting  methods  can  be  considered  for  use.  Data  availa¬ 
bility,  in  turn,  is  a  function  of  local  conditions  and  data  collection 
effort.  In  principle,  virtually  any  kind  of  data  can  be  obtained  with  suf¬ 
ficient  effort.  As  noted  in  Section  II,  the  data  collection  effort  expended 
in  each  application  should  represent  a  balancing  of  the  cost  of  collection 
and  the  benefits  derived  from  better  and  more  reliable  forecasts.  One  of 
the  sources  of  those  benefits  is  the  ability  to  use  more  advanced  forecast¬ 
ing  methods. 

Table  1 11-2  shows,  in  general  form,  the  relationship  between  data  avail 
ability  and  possible  forecasting  method,  lor  data  levels  2  through  4,  the 
forecasting  methods  shown  for  lower  levels  can  also  be  applied,  although 
there  would  seem  little  reason  for  doing  so.  When  sufficient  data  are 
available,  more  advanced  methods  should  yield  results  at  least  as  satisfac¬ 
tory  as  simpler  methods;  frequently  better  results  can  be  obtained.  Where 
actual  data  availability  exceeds  one  defined  level,  but  falls  short  of  cor¬ 
responding  to  the  next  higher  level,  consideration  should  be  given  to  method 
listed  for  both  levels:  methods  listed  for  the  higher  level,  or  variants  of 
those  methods,  may  be  feasible. 


STUDY  AREA  CHARACTERISTICS 


The  characteristics  of  a  study  area  include  such  aspects  as  the  makeup 
of  housing  stock  (‘1  apartments,  "  single  family,  etc.),  major  institutional 
water  users,  past  trends  in  household  site,  distribution  of  family  income, 
expected  future  changes  in  residential  lot  sizes,  etc.  Within  the  limits 
imposed  by  data  availability,  these  characteristics  can  affect  the  choice 
of  forecasting  method,  and  the  way  in  which  a  particular  method  is  imple¬ 
mented. 
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Applicable  Forecasting  Methods 


★ 

Data  Availability 


*  *■ 


Level  1  Per  capita  methods 

Per  connection  methods 

Unit  use  coefficient  methods 
(aggregate  forecasts  only) 


Level  2  Unit  use  coefficient  methods 

(limited  disaggregation) 
Multivariate  requirements 
methods  (limited  variable 
list,  limited  disaggregation) 


Level  3 


Multivariate  requirements  methods 
(limited  variable  list) 


Level  4 


Multivariate  requirements  methods 
Demand  model  methods 


* 

Data  levels  are  defined  on  Table  1 1-3. 

*  * 

Contingency  tree  methods  can  be  applied  at  any  level  of  data  ai 
although  the  scope  of  application  is  restricted  for  levels  1  ai 


In  principle,  variations  in  water  use  can  be  explained  by  a  number  of 
alternative  sets  of  explanatory  variables,  and  many  individual  variables 
can  be  replaced  by  any  of  a  number  of  surrogate  or  alternative  specifica¬ 
tions.  Based  on  historic  correlations,  residential  water  use  may  be  do¬ 
se  ribed  as  a  function  of  population  and  number  of  households,  as  a  function 
of  household  size  and  number  of  connections,  or  as  a  function  of  number  of 
households  and  per  capita  income.  While  each  pair  of  variables  may  be  as 
satisfactory  as  any  other  pair  in  explaining  water  use,  they  may  not  provide 
equally  desirable  forecasting  models,  lor  example,  if  a  credible  population 
forecast  exists,  the  first  combination  of  variables  would  allow  it  to  be 
used  in  the  forecasts.  But  if  a  recent  study  shows  clear  trends  in  house¬ 
hold  size  which  may  be  expected  to  continue,  the  second  combination  may  be 
more  helpful.  On  the  other  hand,  if  per  capita  income  has  changed  slowly 
in  the  past,  but  is  expected  to  change  dramatically  in  the  near  future, 
the  third  combination  of  variables  may  allow  that  projection  to  be  incor¬ 
porated  into  the  water  use  forecast. 

Where  definite  expectations  exist  regarding  future  trends  in  certain 
variables,  the  forecasting  method  chosen  should  include  those  variables  ex¬ 
plicitly,  so  that  expected  trends  can  be  reflected  in  the  water  use  fore¬ 
cast.  Also,  expected  future  trends  may  affect  the  level  of  disaggregation 
chosen,  so  that  trends  affecting  only  one  user  sector  may  be  addressed. 

As  in  the  case  of  data  availability,  the  forecast  method  should  be  chosen 
to  make  the  best  possible  use  of  available  information. 


FORECAST  APPLICATION 

The  final  consideration  in  selecting  a  forecast  method  is  the  applica¬ 
tion  or  final  use  of  the  forecast  results  themselves.  If  the  application 
requires  only  a  forecast  of  average  annual  aggregate  water  use,  most  methods 
and  techniques  can  be  used,  subject  to  data  availability  and  conformance 
with  study  area  characteristics.  If  the  forecast  is  to  be  used  in  the  de¬ 
sign  of  treatment  and  conveyance  works,  however,  methods  that  can  produce 
reliable  estimates  of  maximum  day  water  use  may  be  required.  Design  of  a 
surface  water  impoundment  may,  depending  on  project  size  and  purpose, 
require  forecasts  of  seasonal  water  use  and  maximum  month  use,  as  well  as 
average  annual  water  use.  In  other  cases,  alternative  forecasts  may  be 
required  to  show  the  effect  of  various  levels  of  economic  development  on 
water  use.  The  forecast  method  chosen  must  include  the  appropriate  economic 
measures  as  explanatory  variables,  so  that  the  effect  of  different  economic 
conditions  can  be  seen  as  different  levels  of  water  use.  Forecast  methods, 
then,  in  addition  to  making  the  best  use  of  available  data  and  information, 
must  provide  the  necessary  water  use  information  to  the  planning  process. 


IV.  Orill-IR  ISSULS 


This  section  reviews  a  number  ot‘  issues  common  to  many  water  use  fore¬ 
casts.  Its  purpose  is  to  provide  a  general  background  and  guidance  for  deal 
ing  with  these  issues.  Specific  examples  of  some  problems  discussed  here 
also  appear  in  Sections  V  through  IX. 

Study  Area  Definition 

The  first  step  in  every  water  use  forecast  is  a  careful  definition  of 
the  geographic  area  to  which  the  forecast  applies.  This  step  is  required 
even  when  the  forecast  is  a  part  of  a  larger  water  resource  planning  activ¬ 
ity,  as  the  study  area  adopted  for  the  overall  planning  study  may  not  be 
appropriate  to  the  water  use  forecast,  livery  forecasting  effort  must  begin, 
therefore,  with  the  definition,  or  at  least  the  reexamination,  of  the  study 
area . 

In  general,  a  study  area  is  the  service  area  of  one  or  more  water  util¬ 
ities.  Deviations  from  this  definition  may  be  required  as  a  result  of  the 
fol lowing  considerations: 

1.  A  water  utility  may  anticipate  expansion  of  its  service  area  during 
the  forecast  period.  In  areas  with  positive  economic  growth,  this 
is  almost  always  the  case.  The  study  area  must  be  expanded,  there¬ 
fore,  to  coincide  with  the  largest  service  area  expected  during  the 
planning  period. 

2.  A  portion  of  an  existing  water  utility  service  area  may  be  without 
public  water  service  at  the  present  time,  and  unlikely  to  receive 
it  during  the  planning  period.  This  situation  often  occurs  when 
service  areas  are  defined  as  coterminus  with  political  jurisdic¬ 
tions,  and  when  those  jurisdictions  include  large  tracts  of  rural 
or  undeveloped  land.  It  may  be  helpful,  in  these  cases,  to  reduce 
the  study  area  to  correspond  to  that  area  likely  to  be  served  by 
the  public  system  at  some  time  during  the  planning  period. 

3.  The  planning  context  of  the  forecast  activity  may  require  inclusion 
of  self-supplied  industrial  users  of  water  (not  connected  to  the 
public  supply  systems)  located  outside  the  utility  service  area. 

The  study  area  must  then  be  expanded  to  include  these  self-supplied 
users.  Also,  certain  industrial  users  may  be  located  outside  the 
utility  service  area  but  still  receive  public  water  supply  service, 
by  means  of  private  pipelines.  Again,  the  study  area  must  be  de¬ 
fined  to  include  these  users. 

4.  Where  service  area  boundaries  do  not  coincide  with  political  sub¬ 
division  boundaries,  problems  will  arise  in  obtaining  demographic 
and  socio-economic  data  which  correspond  to  water  using  activities. 
Two  solutions  arc  possible:  (1)  disaggregation  of  the  demographic 
and  socio-economic  data  to  obtain  data  specific  to  the  service  area 
or  (2)  expansion  of  the  study  area  to  correspond  with  the  political 
jurisdiction  for  which  data  are  available.  The  first  solution  re¬ 
sults  in  lower  quality  explanatory  variable  data,  because  of 
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necessarily  arbitrary  disaggregation  techniques  (note  that  charac¬ 
teristics  of  the  portion  of  a  political  subdivision  which  lies 
within  a  public  water  supply  service  area  are  likely  to  be  quite 
different  from  those  of  the  area  without  public  water  service). 

The  second  solution  results  in  lower  quality  water  use  data, 
since  it  includes  self-supplied  users  outside  the  utility  service 
area,  for  whom  no  actual  data  are  available.  In  each  application, 
the  analyst  must  determine  which  approach  will  cause  the  least 
difficulty. 

5.  It  is  sometimes  helpful  to  divide  a  study  area  into  two  or  more 
subareas,  because  of  substantially  different  data  availability 
among  the  subareas.  Each  subarea  is  defined  according  to  criteria 
similar  to  those  applying  to  the  full  study  area.  Water  use  fore¬ 
casts  performed  under  these  conditions  are  known  as  "multi-juris- 
diction  forecasts"  and  are  described  in  the  following  paragraphs. 


Multi-Jurisdiction  Forecasts 


Some  study  areas  are  characterized  by  substantial  geographic  variation 
in  the  availability  of  data.  Most  often  this  applies  to  water  use  data, 
which  may  be  available  in  disaggregate  form  for  one  part  of  a  study  area, 
and  in  aggregate  form  in  another  (e.g.,  unmetered)  jurisdiction.  This  may 
be  the  result  of  several  independent  water  utilities,  with  different  manage¬ 
ment  and  record-keeping  practices,  operating  within  the  study  area.  It  also 
occurs  when  one  water  utility  sells  water  at  wholesale  (through  a  bulk  meter) 
to  another  utility,  which  may  serve  a  small  suburb,  or  even  a  single  housing 
development . 

Multi-jurisdiction  problems  are  treated  by  defining  subareas  which  cor¬ 
respond  to  the  areas  of  relatively  uniform  data  availability.  Data  collec¬ 
tion  effort  can  then  be  determined  independently  for  each  subarea,  based  on 
the  availability  of  various  types  of  information,  and  the  improvement  in 
forecast  quality  which  additional  data  can  provide.  Forecast  methods  are 
selected  independently  for  each  subarea,  and  separate  subarea  forecasts  are 
performed.  The  separate  forecasts  can  then  be  combined  to  form  a  forecast 
for  the  entire  study  area. 

It  is  important  to  note  that  data  constraints  result  in  lower  quality 
forecasts  only  for  those  subareas  where  the  constraints  actually  apply. 

Other  subareas  are  forecast  by  more  advanced  methods  which  fully  utilize 
available  data.  The  tradeoff  between  data  collection  effort  and  forecast 
quality  is  performed  separately  for  each  subarea. 

Where  a  multi- jurisdiction  approach  is  used  for  a  series  of  subareas 
served  by  interconnected  water  utilities  (e.g.,  where  a  large  water  utility 
sells  water  at  wholesale  to  other  utilities  for  distribution),  a  problem  may 
arise  with  data  on  public  and  unaccounted  water  use.  Since  this  unmetered 
sector  of  water  use  is  conventionally  defined  as  the  residual  remaining  after 
deducting  all  metered  use  from  total  production,  it  is  not  always  possible  to 
allocate  public  and  unaccounted  use  among  the  interconnected  jurisdictions. 
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The  problem  can  be  illustrated  by  the  case  of  a  large  water  utility 
serving  a  smaller  one  through  a  single  bulk  meter.  If  production  meters 
are  accurate,  public  and  unaccounted  water  use  measures  all  unmetered  uses 
including  water  withdrawn  from  fire  hydrants,  all  leakage  from  the  transmis¬ 
sion  and  distribution  systems,  and  all  misregistration  of  user  meters.  If 
the  bulk  meter  serving  the  small  utility  is  also  accurate,  and  if  no  part 
of  the  large  utility's  transmission  or  distribution  system  is  dedicated  to 
the  exclusive  use  of  the  wholesale  customer,  then  observed  public  and  unac¬ 
counted  use  is  solely  attributable  to  the  large  utility.  If  the  bulk  meter 
underregisters  actual  use,  or  if  a  transmission  line  (with  potential  leaks) 
is  provided  to  serve  the  bulk  meter  alone,  then  some  part  of  the  public  and 
unaccounted  water  use  is  properly  attributable  to  the  wholesale  customer. 

The  exact  amount  cannot  ordinarily  be  determined,  but  may  be  estimated  with 
accuracy  suitable  for  most  purposes  provided  the  causative  factors  are  ade¬ 
quately  investigated. 

Water  Conservation 

Water  conservation  measures  must  be  considered  in  forecasting  water  use 
under  three  sets  of  circumstances: 

1.  Where  water  conservation  measures  have  been  implemented  in  the  study 
area  during  the  recent  past; 

2.  Where  definite  commitments  have  been  made  to  implement  water  conser¬ 
vation  measures  within  the  study  area  during  the  planning  period; 
and/or 

3.  Where  water  conservation  is  to  be  considered  as  an  alternative  to 
water  supply  measures  in  meeting  projected  supply  deficits. 

The  action  to  be  taken  in  the  case  of  previously  implemented  conserva¬ 
tion  measures  depends  upon  the  choices  of  base  year  and  forecast  method.  If 
all  measures  were  fully  effective  prior  to  the  base  year,  and  the  forecast 
method  used  does  not  employ  water  use  data  from  the  period  before  the  base 
year  (e.g.,  does  not  use  time-series  analysis  of  water  use  data),  no  explicit 
consideration  of  water  conservation  is  required.  The  effectiveness  of  the 
measures  should  be  fully  incorporated  into  the  forecast. 

On  the  other  hand,  where  measures  were  not  yet  implemented  or  were  not 
fully  effective  during  the  base  year,  or  where  time-series  analysis  is  con¬ 
templated,  adjustments  to  observed  water  use  data  may  be  required.  All 
water  use  data  must  be  consistent  with  respect  to  conservation  implementa¬ 
tion:  all  data  must  assume  no  implementation,  or  the  same  level  of  implemen¬ 
tation.  Normally,  it  is  desirable  to  adjust  observations  downward  to  incor¬ 
porate  the  full  effectiveness  of  the  measures  employed.  This  provides  a 
basis  for  forecasting  future  water  use,  based  on  the  assumption  that  the 
water  conservation  measures  remain  in  force. 

Methods  for  adjusting  water  use  to  account  for  conservation  arc  found 
in  the  conservation  Procedures  Manual  (Baumann,  et  at (1980))  especially 
paragraph  4-8.  In  applying  these  methods  to  past  water  use,  references  to 
"unrestricted  future  water  use"  should  be  interpreted  as  applying  to  observed 


water  use,  and  adjusted  water  use  is  found  by  deducting  the  calculated  effec¬ 
tiveness  of  water  conservation  (determined  according  to  the  procedure)  from 
observed  water  use. 


In  the  second  case,  where  commitments  have  been  made  to  implement  con¬ 
servation  measures  after  the  base  year,  water  use  forecasts  are  first  made 
without  the  conservation  measures,  then  adjusted  for  the  affected  years. 

As  above,  adjustments  are  made  according  to  the  Procedures  Manual.  Refer¬ 
ences  to  "unrestricted  future  water  use"  apply  to  unadjusted  forecast  water 
use;  adjusted  forecast  water  use  is  found  by  subtracting  the  calculated  ef¬ 
fectiveness  of  water  conservation  from  the  unadjusted  forecast. 

Where  water  conservation  is  to  be  considered  as  an  alternative  to  water 
supply  augmentation,  project  planning  includes  the  development  of  a  water 
conservation  plan.  The  Procedures  Manual  gives  step-by-step  instructions  for 
the  preparation  of  this  plan,  and  for  its  integration  into  the  water  supply 
plan.  The  Procedures  Manual  also  describes,  as  noted  above,  a  method  for 
determining  the  effectiveness  of  water  conservation  measures  in  reducing 
water  use.  These  adjustments  are  applied  to  the  "without-proj ect"  forecast 
which  Is  already  modified  for  conditions  described  for  cases  1  and  2,  above 
if  necessary.  The  result  (after  consideration  of  other  project- induced 
effects)  is  the  "with-project  forecast,  described  below. 


With-  vs.  Without-Proj ect  Conditions 


When  water  use  forecasts  are  prepared  for  purposes  of  project  evaluation, 
consideration  must  be  given  to  the  effect  of  the  project  on  future  patterns 
and  levels  of  water  use.  In  general,  forecasts  are  required  for  future 
water  use  in  the  absence  of  the  project  (the  "without -project"  condition) 
as  well  as  for  future  water  use  in  the  presence  of  the  project  (the  "with- 
project"  condition).  In  the  case  of  the  "without-project"  condition,  future 
water  needs  are  met  by  existing  facilities,  locally-planned  additions  or 
replacements,  local ly- implemented  conservation  measures,  etc.  The  "with- 
project"  condition  differs  in  the  substitution  of  a  federally-planned  facil¬ 
ity  or  program  for  all  or  a  portion  of  the  locally-planned  alternatives. 

A  number  of  determinants  of  water  demand  are  potentially  affected  by 
the  implementation  of  a  federally-planned  project  or  program.  The  most 
likely  candidate  is  the  future  price  at  which  water  will  be  sold  to  users. 
Where  the  federal  plan  is  a  net  contributor  to  National  Economic  Development, 
it  is  likely  to  result  in  lower  real  prices  than  would  otherwise  have  been 
the  case.  Implementation  of  federal  water  supply  plans  may  also  affect  land 
use  (development  of  large  impoundments  in  or  adjacent  to  the  study  area,  for 
example),  economic  development  patterns  (as  a  result  of  other  purposes  of  a 
multi-purpose  project),  or  housing  patterns  (because  of  different  patterns 
of  flood  plain  development,  for  example).  All  of  these  changes  translate 
into  altered  values  for  projected  future  explanatory  variables,  and,  there¬ 
fore,  revised  levels  of  forecast  water  use. 


The  extent  to  which  project- induced  effects  can  be  reflected  in  a 
water  use  forecast  depends  upon  the  forecast  method  chosen.  Simple  tech¬ 
niques,  such  as  the  per  capita  method,  are  insensitive  to  changes  in  price, 
in  housing  patterns,  or  in  economic  development  patterns.  Subjective  ad¬ 
justment  may  be  made  to  the  per  capita  use  coefficient  to  reflect  presumed 
changes,  but  such  ad  hoc  changes  are  likely  to  be  unreliable  and  to  lack 
credibility.  More  advanced  forecasting  methods,  incorporating  a  number  of 
explanatory  variables,  permit  better  identification  of  possible  project- 
induced  effects.  Methods  incorporating  demand  models  permit  consideration 
of  changes  in  price,  probably  the  most  frequent  and  significant  impact  of 
federally-planned  projects  on  future  water  use. 

Where  the  federally-planned  project  includes  water  conservation  mea¬ 
sures  as  one  of  the  means  of  meeting  future  water  needs,  the  effectiveness 
of  the  planned  conservation  measures  must  be  determined,  as  described  in  the 
Procedures  Manual.  The  with-project  water  use  forecast  is  obtained  by  de¬ 
ducting  the  calculated  effectiveness  of  the  conservation  measures  from  a 
forecast  which  includes  any  other  project-induced  effects. 


Alternative  Futures 


Forecasts  are  described  as  conditional  predictions  of  future  events. 

A  water  use  forecast  is  conditional  upon  the  accuracy  of  numerous  assumptions 
and  projections  of  explanatory  variables,  bach  assumption  and  explanatory 
variable  projection  represents  a  condition  considered  likely  to  occur  in  the 
future.  In  some  cases,  a  number  of  alternative  assumptions  or  alternative 
projections  may  all  be  considered  likely,  with  no  obvious  "most  likely" 
choice. 

In  these  cases,  it  may  be  desirable  to  prepare  a  number  of  alternative 
water  use  forecasts,  each  forecast  corresponding  to  one  alternative  set 
of  assumptions  and  projections.  In  this  way,  the  sensitivity  of  future 
water  use  to  the  range  of  assumptions  can  be  determined,  and  something  of 
the  level  of  uncertainty  inherent  in  the  forecast  is  revealed.  The  practice 
of  preparing  a  number  of  forecasts,  based  on  various  sets  of  assumptions,  is 
called  the  method  of  alternative  futures.  It  is  most  useful  where  signifi¬ 
cant  uncertainty  exists  concerning  key  assumptions  or  projections  of  explan¬ 
atory  variables,  where  the  reliability  of  future  water  supply  is  an  important 
concern,  or  where  a  range  of  policy  options  is  to  be  investigated.  An  ex¬ 
tension  of  the  method  of  alternative  futures,  which  incorporates  explicit 
probability  measures,  is  the  contingency  tree  technique  described  in 
Section  IX. 

Forecasting  methods  differ  widely  in  their  ability  to  support  investiga¬ 
tions  of  alternative  futures.  The  simplest  methods,  especially  those  utiliz¬ 
ing  a  single  coefficient  (per  capita  method,  per  connection  method,  unit  use 
coefficient  methods'',  do  not  permit  systematic  variation  of  assumptions  ex¬ 
cept  to  the  extent  that  those  assumptions  affect  the  single  explanatory 
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variable  (population,  number  of  connections,  etc.)-  Multiple  coefficient 
methods  are  better  in  this  respect,  and  the  sectoral ly  disaggregated  methods 
provide  the  most  flexibility  in  adopting  alternative  sets  of  assumptions. 

In  general,  the  fewer  the  explanatory  variables,  the  less  scope  there  is 
for  considering  alternatives  and  the  more  the  analyst  is  required  to  accept 
a  single  set  of  implicit  assumptions  for  all  forecasts. 


Sectoral  Disaggregation 


Water  use  forecasts  can  be  disaggregated  in  almost  any  way  in  which  water 
use  itself  can  be  broken  down.  The  most  common  disaggregations  are  according 
to  user  sector  (residential,  commercial,  industrial,  etc.),  time-of-year 
(winter  vs.  summer,  seasonal  vs.  nonseasonal ,  etc.)  and  geographic  subarea. 
Geographic  disaggregation  is  simply  an  extension  of  multi-jurisdiction  fore¬ 
casting,  described  above.  Sectoral  disaggregation  can  range  from  a  two-sector 
model  (usually  municipal  and  industrial  sectors)  to  very  detailed  divisions 
within  the  traditional  sectors  (such  as  the  280+  sector  IWR-MAIN  model). 

The  purpose  of  disaggregation  is  to  allow  each  individual  sector  of  water 
use  to  be  described  and  forecast  in  terms  of  explanatory  variables  which  re¬ 
late  specifically  to  that  sector,  or  whose  relationship  with  that  sector  dif- 
fersfrom  those  applying  to  other  sectors.  Thus  industrial  water  use  can  be 
described  in  terms  of  industrial  output  while  residential  water  use  is  a  func¬ 
tion  of  residential  population;  seasonal  water  use  may  have  one  type  of  re¬ 
lationship  to  price  while  nonseasonal  water  use  can  be  allowed  to  have  a  quite 
different  relationship  to  the  same  variable.  Where  sufficient  data  of  ade¬ 
quate  quality  can  be  made  available,  disaggregate  models  produce  much  more 
accurate  and  useful  forecasts  than  do  simpler,  aggregate  methods. 

The  Principles  and  Guidelines  (1983)  state  the  need  for  disaggregate 
forecasts  in  project  planning.  In  addition,  the  Procedures  Manual  notes  that 
sectoral ly  and  seasonally  disaggregate  forecasts  are  required  for  adequate 
evaluation  of  water  conservation  measures.  In  most  forecasting  applications, 
every  effort  should  be  made  to  develop  disaggregate  forecasts,  with  the  level 
of  disaggregation  adjusted  to  suit  data  availability,  study  area  characteris¬ 
tics,  and  forecast  requirements. 

The  major  obstacle  to  wider  use  of  disaggregate  forecasts  is  the  avail¬ 
ability  of  sectoral ly  disaggregate  water  use  data  for  base  years,  or  for 
historic  periods.  While  some  water  utilities  routinely  obtain  such  data, 
most  do  not.  Where  all  customers  are  metered  and  customer  records  are  coded 
to  indicate  the  proper  sector  for  each  account,  disaggregate  data  can  be  ex¬ 
tracted  from  existing  billing  records.  If  billing  is  automated  3nd  records 
are  machine  readable  the  data  may  be  available  comparatively  quickly  at  low 
cost.  Manual  extraction  of  data  is  time-consuming,  but  may  still  be  desir¬ 
able  depending  on  the  size  of  the  utility. 

In  other  cases  there  will  be  no  indication  of  the  proper  sector  classi¬ 
fication  on  customer  records,  or  the  sectors  used  may  be  undesirable  for 
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forecasting  purposes.  In  this  case,  all  accounts  must  be  coded  (or  recoded) 
before  the  data  extraction  can  begin.  Coding  is  easily  accomplished  by  pro¬ 
viding  meter  readers  with  a  list  and  explanation  of  sectors,  and  requiring 
them  to  code  each  account  as  the  meter  is  read.  Allowing  for  misses,  errors, 
and  other  problems,  several  meter  reading  cycles  may  be  required  to  cover  all 
accounts.  Labor  costs  are  small  and  disaggregate  data  can  still  be  obtained, 
in  most  cases,  within  one  year. 

Where  time,  budget,  or  data  extraction  methods  do  not  permit  complete 
analysis  of  all  billing  records,  a  sampling  procedure  may  be  used  to  esti¬ 
mate  water  use  in  each  sector.  This  approach  is  described  in  the  following 
paragraphs . 


Sampling  Water  Use  Data 


Water  use  data  are  frequently  derived  from  the  billing  records  of  a 
water  utility,  especially  when  disaggregate  use  data  are  required.  While  it 
is  preferable  to  analyze  all  billing  records  for  the  time  period  of  interest, 
there  are  situations  where  the  records  are  so  numerous,  or  kept  in  a  form 
which  makes  complete  analysis  infeasible.  In  these  cases  it  may  be  possible 
to  obtain  adequate  estimates  from  limited  samples  of  the  billing  records, 
provided  the  samples  are  drawn  according  to  valid  statistical  procedures. 

A  sample  should  provide  an  acceptably  accurate  estimate  of  several  sta¬ 
tistics  (mean,  variance,  etc.)  of  the  population  of  records  from  which  it 
is  drawn.  If  the  sample  is  designed  properly,  values  calculated  from  it 
("estimators")  become  more  reliable  as  sample  size  increases.  However,  as 
sample  size  becomes  larger,  and  consequently  more  reliable,  the  costs  of 
obtaining  and  analyzing  the  data  grow  as  well.  The  objective  in  designing 
a  sample,  therefore,  is  to  determine  the  smallest  size  consistent  with 
acceptable  accuracy. 

Reliability  can  be  defined  as  the  probability  that  the  sample  mean,  X, 
differs  from  the  true  mean  of  the  population  of  data  by  no  more  than  a  toler¬ 
able  error,  e: 

Reliability  =  P[(y-e)  £  X  £  (y+e)j  (1V-1) 

Where:  P[  ]  =  probability  that  condition  in  brackets  is  satisfied 

y  =  mean  of  total  population  of  data  (all  records) 

X  =  mean  of  sample  (sampled  records) 
e  =  tolerable  error  in  estimating  mean  of  population. 

Thus,  two  factors  must  be  chosen  in  order  to  specify  the  quality  of  the 
sample:  the  tolerable  error  (e)  and  the  acceptable  probability  of  not  ex¬ 
ceeding  that  error  (reliability).  If  the  probability  distribution  is  normal, 
or  can  be  assumed  near  normal,  useful  relationships  between  tolerable  error 
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and  acceptable  reliability  can  be  derived.  While  distributions  of  individual 
water  use  are  typically  positively  skewed,  they  are  considered  sufficiently 
close  to  normality  for  the  following  development  to  be  applicable. 

If  the  terms  in  expression  IV- 1  are  rearranged  and  divided  by  the  stan¬ 
dard  deviation  of  the  sample  means,  reliability  may  be  expressed  as: 


Reliability  =  P[—  <  ] 

lo-  _  o-  ~  o- 

XXX 


(IV- 2) 


Where:  a-  =  standard  deviation  of  sample  means 

-  =  standard  normal  statistic,  2 
o- 


Thus, 


Reliability  =  P[ —  <.  i.  <  —  ] 
1  o- 

X  X 


( 1V-3) 


Further  manipulation,  based  on  the  characteristics  of  normal  distributions, 
yields : 


e  =  Z'  *  a-  (IV-4) 

Where:  Z'  =  value  of  the  Z-statistic  for  the  desired  level  of  reliability 
(obtained  from  standard  statistical  tables) 

This  relationship  may  be  applied  to  two  types  of  sampling  processes: 

1.  Samples  are  drawn  randomly  either  with  replacement  (records  are  drawn 
randomly  one  at  a  time,  with  the  selected  record  placed  back  in  the 
population  before  the  next  draw)  or  from  a  very  large  population;  or 

2.  Samples  are  drawn  randomly  without  replacement  from  populations  which 
are  less  than  very  large. 

In  the  first  case. 


o- 

X 


0 

SR 


Where:  o  =  standard  deviation  of  the  population 
n  =  number  of  records  in  the  sample 

Substituting  equation  IV-5  into  IV-4, 

e  =  Z'  -°~ 

/n 


Solving  for  n, 


c“ 


(IV-5) 


(IV -6) 


(IV--) 


min r  *  dm,  mat , 


rlh  ijjindiin  m 


iv-y 


This  expression  gives  the  proper  sample  size  based  on  the  desired  reliability 
(which  yields  the  value  of  Z'),  the  maximum  tolerable  error  (e) ,  and  the  stan¬ 
dard  deviation  of  the  population.  The  latter  value  must  be  estimated,  most 
easily  by  drawing  an  arbitrary  sample  and  using  the  sample  standard  deviation 
as  the  estimator  of  the  population  value.  The  calculation  should  then  be  re¬ 
checked  as  the  sample  size  is  expanded,  so  that  the  final  value  of  n  is  as 
efficient  as  possible. 

For  the  second  sampling  design,  where  the  data  set  is  smaller  and/or  re¬ 
placement  is  not  practiced. 


a- 

x 


t 


0.5 


Where:  N  =  number  of  records  in  the  population 
Substituting  into  1V-4,  and  solving  for  n: 


n 


2  2 

N  Z'  o 


2  2  2 
(N-l)e  +  Z'  o 


CIV-8) 


CIV-9) 


Once  again,  sample  size  depends  upon  the  desired  reliability,  the  maximum 
tolerable  error,  and  the  population  standard  deviation.  The  population  size, 
N,  is  also  included  in  this  formulation.  As  before,  population  standard  devi¬ 
ation  must  be  estimated  from  sample  data. 


Time-Series  vs,  Cross-Sectional  Analysis 

Whatever  forecasting  method  is  used,  the  basic  tool  is  a  model  or  models 
which  can  adequately  explain  water  use  under  both  current  and  future  conditions. 
Models  can  be  adopted  from  other  studies  or  from  the  literature,  or  they  can 
be  developed  from  data  collected  as  part  of  the  forecasting  effort.  More  fre¬ 
quently,  model  forms  are  drawn  from  other  studies,  and  specific  coefficients 
are  estimated  from  data  collected  for  the  purpose  as  part  of  the  forecasting 
effort. 

Water  use  models  may  be  estimated  from  either  time-series  or  cross-sec¬ 
tional  data.  Time-series  data  consist  of  observations  of  water  use  and  ex¬ 
planatory  variables  made  over  a  number  of  years  at  the  same  location  (usually 
the  study  area).  Cross-sectional  data  are  simultaneous  observations  of  water 
use  and  explanatory  variables  at  a  number  of  locations  during  a  single  time 
period.  Occasionally  time-series  and  cross-sectional  data  may  be  used  to¬ 
gether,  but  they  are  more  often  treated  as  alternatives. 

Time-series  data  are,  in  some  respects,  superior  to  cross-sectional  data 
for  developing  forecasting  models.  By  analyzing  time-series  data,  trends  in 
water  use  over  time  can  be  identified  and  hypotheses  developed  regarding  con¬ 
tinuation  of  these  trends  into  the  future.  When  using  a  cross-sectional 


model  for  forecasting,  the  assumption  must  be  made  that  the  functional  rela¬ 
tionship  existing  among  the  variables  at  one  point  in  time  will  continue  into 
the  future.  This  tends  to  limit  applicability  of  these  models  to  situations 
in  which  underlying  relationships  have  not  significantly  changed  over  time. 

On  the  other  hand,  cross-sectional  data  usually  exhibit  much  greater 
variance  than  do  time-series  data,  permitting  more  statistically  reliable 
estimates  of  model  coefficients.  For  example,  if  the  real  price  of  water 
has  varied  only  about  20  percent  during  the  period  for  which  data  are  avail¬ 
able,  expected  future  changes  of  100  percent  or  more  may  be  difficult  to  re¬ 
flect  reliably  in  forecasts.  Cross-sectional  data  may  be  collected  for  com¬ 
munities  with  prices  which  differ  by  more  than  100  percent  from  the  study 
area,  giving  a  model  which  is  more  likely  to  produce  useful  forecasts.  Also, 
some  explanatory  variables,  such  as  residential  lot  size,  may  not  have  changed 
at  all  during  the  historic  period,  providing  no  information  as  to  how  water 
use  will  respond  to  expected  future  changes.  Again,  cross-sectional  analysis 
can  be  based  on  data  containing  the  necessary  variation,  permitting  coeffi¬ 
cients  to  be  estimated. 

Time-series  data,  therefore,  are  generally  preferable  provided  that  the 
historic  period  exhibits  sufficient  variation  in  all  of  the  variables  of  in¬ 
terest.  Where  this  is  in  doubt,  it  may  be  necessary  to  collect  cross-sec¬ 
tional  data  from  areas  chosen  to  provide  the  necessary  range  of  conditions. 

In  all  other  respects,  areas  selected  for  a  cross-sectional  sample  should  be 
as  similar  as  possible  to  the  study  area. 


V.  EXAMPLE  A  -  LEVEL  1  DATA 


Background  and  Approach 


STUDY  AREA 


The  study  area  centers  on  a  small  city  in  the  mid-Atlantic  region  with 
a  population  of  approximately  10,000.  The  area,  relatively  removed  from 
major  population  centers,  is  located  in  a  mountainous  region  with  a  cold 
temperate  climate.  A  single  municipally-owned  water  utility  serves  the  area 
including  the  city  and  surrounding  minor  civil  divisions. 

The  housing  stock  of  the  city  is  characterized  by  a  somewhat  higher 
fraction  of  multifamily  units  than  is  typical  for  other  cities  of  this  size. 
This  has  resulted  from  the  presence  of  a  state  college  in  the  city,  leading 
to  the  conversion  of  many  single  family  homes  in  older  sections  to  provide 
student  living  quarters.  Land  use  within  the  city  is  primarily  medium  dens¬ 
ity  residential.  Outside  the  city,  land  use  is  mostly  residential,  developed 
at  low  density. 

The  city  has  no  significant  industrial  base;  industrial  employment  oppor¬ 
tunities  occur  mostly  in  neighboring  regions,  outside  the  study  area.  The 
city  was  at  one  time  a  coal  mining  center,  but  this  activity  suffered  a  major 
decline  in  the  1950's.  Coal  production  is  on  the  rise  now,  but  it  is  not  an¬ 
ticipated  to  have  a  significant  effect  on  employment  opportunities,  due  to 
the  high  degree  of  mechanization  in  the  industry.  The  only  viable  economic 
bases  are  in  commercial  and  service  activity,  closely  tied  to  the  local 
college. 

The  college  experienced  significant  growth  in  student  enrollment  in  the 
early  seventies.  In  recent  years  the  student  population  has  stabilized,  with 
lack  of  funding  for  additional  dormitory  accommodation  being  considered  one 
of  the  binding  constraints  on  growth.  Future  growth  of  the  college  will  be 
determined  by  state  education  policies.  No  significant  short-term  growth  in 
enrollment  is  anticipated  at  this  time.  The  city  is  increasing  its  efforts 
to  attract  industrial  activity  and  as  part  of  this  objective  an  industrial 
park  has  been  built  which  is  expected  to  result  in  some  growth  in  industrial 
employment.  However,  any  increase  in  industrial  activity  is  not  expected  to 
affect  local  population  before  1990.  New  industries  are  not  likely  to  be 
significant  water  users. 


FORECAST  REQUIREMENTS 


A  forecast  of  water  use  for  the  Example  A  study  area  is  required  for 
the  period  through  2030.  The  base  year  is  chosen  as  1980,  due  to  availability 
of  U.S.  Census  of  Population  data.  The  water  use  forecast  described  here  is 
part  of  a  preliminary  survey  of  water  supply  capability  for  the  area, 
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undertaken  by  the  Corps  at  the  request  of  the  state  government.  Average  day 
water  use  is  required  for  the  period  through  the  year  2030,  at  ten-year  in¬ 
tervals.  No  sectoral  disaggregation  is  required,  and  no  consideration  of 
water  conservation  measures  is  anticipated  as  a  part  of  the  preliminary 
survey.  The  forecast  is  to  cover  the  total  service  area  of  the  water  utility, 
including  areas  served  via  wholesale  transactions  with  smaller  utilities  and 
developers,  area  to  be  added  to  the  service  area  during  the  planning  period, 
and  possible  future  growth  by  the  state  college. 


CHOICE  OF  FORECASTING  METHOD 


Based  on  the  forecast  requirements  and  on  a  preliminary  assessment  of 
data  availability,  a  single  coefficient  method  is  judged  most  appropriate 
to  this  forecast.  Further  review  of  data  availability  led  to  selection  of 
the  per  connection  method  (see  Section  III),  where  the  per  connection  use 
coefficient  is  determined  by  time-series  analysis  (see  Section  IV).  Local 
government  agencies  have  limited  information  on  the  population  of  the  service 
area  during  the  base  year,  as  well  as  during  previous  years,  although  the  base 
year  population  can  be  approximated  from  Census  data.  Estimates  of  previous 
year  population  have  been  performed  but  are  complicated  by  the  lack  of  in¬ 
formation  on  historic  boundaries  for  the  service  area.  There  are,  however, 
good  records  of  the  number  of  connections  served  directly,  and  some  informa¬ 
tion  on  a  major  wholesale  customer,  although  wholesale  data  are  incomplete. 

It  is  important  to  emphasize  that  the  choice  of  the  per  connection 
method  is  dictated  by  the  need  to  make  the  best  use  of  available  data;  this 
approach  involves  the  least  amount  of  data  manipulation  and  a  minimum  of 
assumptions  concerning  population  and  study  area  boundaries.  It  is  also 
true,  however,  that  number  of  connections  is  sometimes  a  better  explanatory 
variable  for  historic  water  use  than  service  area  population. 


Data  Collection 


POPULATION  AND  CONNECTION  DATA 


Historic  Connection  Data 


City  water  utility  records  document  the  number  of  direct  connections  to 
the  system  at  yearly  intervals  during  the  period  1970-1981.  Direct  connec¬ 
tions  include  a  single  connection  for  the  state  college,  and  from  2  to  13 
bulk  meter  connections  for  wholesale  cutomers.  Each  wholesale  customer  has, 
in  turn,  additional  retail  connections,  but  records  are  available  for  the 
largest  such  customer  only.  Available  connection  data,  are  summarized  on 
Table  V-l. 


Table  V- 

■1.  City  and  Satellite  Community  Connections 
1970-1981 

Year 

Number 

City 

Connections 

Number 

Satellite 

Connections1 

1970 

1901 

225 

1971 

1904 

232 

1972 

1910 

246 

1973 

1922 

250 

1974 

1931 

256 

1975 

1942 

260 

1976 

1958 

264 

1977 

1970 

267 

1978 

1983 

270 

1979 

1990 

275 

1980 

2002 

480 

1981 

2015 

403 

Source: 

city  water 

utility 

1Refers 

to  one  major 

•  wholesale  client; 

total  wholesale 

clients 

range  from 

2  (1970-72)  to  13 

(1977-81) . 

A  population  forecast  prepared  for  the  county  water  and  sewer  plan  was 
used.  The  forecast  was  made  in  1978  and  subsequently  updated.  The  popula¬ 
tion  forecast  included  all  planned  growth  within  the  service  area  as  well  as 
an  expansion  of  service  area  boundaries.  Adjustments  were  made  to  the  fore¬ 
cast  to  best  reflect  the  currently  known  conditions:  population  growth  rate 
was  reduced  to  correct  for  over  prediction  of  1980  population,  the  no  growth 
policy  of  the  local  college,  and  the  unsuccessful  attempts  to  induce  indus¬ 
trial  location  within  the  service  area. 

A  50-year  adjusted  population  forecast  appears  as  Table  V-2.  It  is 
anticipated  that  there  will  be  relatively  fast  growth  during  the  period 
1980-1990,  then  slower  growth,  levelling  off  at  year  2000  to  a  growth  rate 
of  about  0.5  percent  each  year. 


State  College 

In  order  to  reflect  the  role  of  the  local  college  in  water  demand,  full 
time  college  enrollment  is  converted  into  the  equivalent  number  of  connec¬ 
tions,  as  if  the  students  were  living  in  private  homes  exhibiting  similar 
water  use  characteristics  as  those  of  the  city  residents.  Enrollment  figures 
were  obtained  from  the  Registrar's  Office  of  the  college  (Table  V-5) .  Only 
full-time  students  are  counted  on  the  assumption  that  part-time  students  are 
permanent  residents  of  the  area  and  are  already  included  in  the  census  popu¬ 
lation.  The  student  population  is  broken  down  into  those  who  reside  on 
campus  and  those  who  live  off  campus  in  private  homes  and  apartments. 

Among  those  who  live  off  campus,  a  further  adjustment  is  made  to  compen¬ 
sate  for  possible  double  counting  of  local  full  time  students  and  those  who 
commute  from  outside  the  water  service  area.  Such  considerations  become 
critical  if  the  local  college-bound  population  is  substantial  or  if  the  study 
area  is  small  and  surrounded  by  relatively  populous  areas.  In  this  study,  25 
percent  of  off  campus  students  are  assumed  to  be  local  residents  (included 
in  Census  figures)  or  commuters  from  outside  the  study  area. 

Adjustments  are  also  made  to  reflect  the  duration  of  academic  sessions 
and  other  seasonal  changes  in  total  population.  Before  any  adjustments  can 
be  made,  it  is  important  to  understand  the  nature  and  magnitude  of  seasonal 
changes.  If  the  study  area  has  seasonal  changes  in  population  (as  in  col¬ 
lege  or  resort  towns),  and  the  duration  and  magnitude  of  population  change 
is  known,  a  weighted  seasonal  population  can  be  added  to  the  permanent  resi¬ 
dents.  In  this  study,  the  only  seasonal  component  of  the  study  area  is  the 
student  population,  arising  from  the  difference  between  the  summer  and  reg¬ 
ular  session  enrollments.  Therefore,  a  weighted  average  is  used: 

Year  round  enrollment  =  0.75  x  regular  session  enrollment 

+  0.25  x  summer  enrollment. 

In  addition,  an  equivalent  year  round  resident  number  is  calculated  for  both 
on  and  off  campus  students  (Table  V-4). 
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V-5 


Table  V-2. 

Water  Service  Area 
1980- 

Population 

2030 

Forecast 

1980 

1990 

2000 

2010 

2020 

2030 

Existing  Service  Area 

12,579 

15,015 

15,935 

16,900 

17,730 

18,600 

First  Stage  Expansion1 

(930) 2 

970 

1,000 

1,030 

1,060 

1,090 

Second  Stage  Expansion 

(5,040) 

(5,750) 

6,000 

6,250 

6,500 

6,760 

Expanded  Service  Area 

12,579 

15,985 

22,935 

24,180 

25,290 

26,450 

1First  stage  expansion  is  planned  for  1990.  Second  stage  expansion  is  planned 
for  2000. 

2Figures  in  parentheses  represent  population  in  areas  prior  to  becoming  part  of 
the  expanded  service  area. 


Source:  County  Water  and  Sewer  Plan  and  a  local  water  supply  study  report. 
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Table 

V-3.  Local  College  Full-Time  enrollment 
1970-1981 

Tot  a  1 

On 

Off 

Year 

Enrol lment1 

Campus 

Campus 

1970 

2015 

1117 

898 

1971 

2319 

1217 

1102 

1972 

1491 

1517 

974 

1973 

2625 

1584 

1041 

1974 

2793 

1576 

1217 

1975 

2792 

1608 

1184 

1976 

2851 

1773 

1078 

1977 

2810 

1760 

1050 

1978 

2959 

1884 

975 

1979 

2889 

1894 

1075 

1980 

2912 

1894 

995 

1981 

2922 

1900 

1022 

xFull  time  graduate  and  undergraduate  students. 
Source:  Registrar's  Office. 


City 

Population 


Off 

Campus 

Students 


Effective 

Off-Campus 

Students1 


Effective 
Total  City 


Population' 
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In  this  example,  information  on  city  population  is  available  from  a 
state  planning  agency,  together  with  information  on  average  household  size. 
The  city  population,  when  added  to  the  off  campus  student  population  is  di¬ 
vided  by  the  number  of  city  connections  to  yield  an  average  population  per 
city  connection. 

Average  population  _  _ city  population  +  off  campus  students 

per  city  connection  total  city  connections  -  wholesale  connections 

The  effective  number  of  connections  for  the  student  population  living  on 
campus  is  calculated  by  dividing  the  number  of  year  round  equivalent  students 
living  on  campus  by  average  population  per  city  connection.  The  total  number 
of  effective  connections  for  the  city  is,  therefore  (Table  V-5) : 

Effective  City  Connections  =  actual  number  +  effective  on-campus 

student  connections  -  wholesale  and 
college  connections. 


Wholesale  Connections 


Wholesale  water  is  another  issue  in  this  analysis.  Each  wholesale  water 
client  accounts  for  one  connection  to  the  city  water  supply  system.  When 
wholesale  water  is  considered  as  part  of  the  water  supply  system,  the  number 
of  connections  served  by  each  wholesale  client  must  be  added  to  the  total 
number  of  connections  in  the  city.  In  some  cases,  this  information  is  avail¬ 
able;  in  others,  it  must  be  estimated  from  population  data.  Since  the  demo¬ 
graphic  characteristics  of  satellite  wholesale  clients  are  somewhat  different 
from  those  of  the  city,  population  per  connection  must  be  calculated  separately. 

The  satellite  communities  served  by  wholesale  water  are  mostly  single 
family  residential  homes,  where  population  per  connection  can  be  taken  as 
equal  to  average  household  size,  reported  to  be  3.1  by  the  1980  U.S.  Census. 
Combining  this  result  with  satellite  area  population  estimates  (from  the 
State  Planning  Agency)  gives  estimates  of  the  number  of  satellite  connections 
for  the  1970-81  period.  These  estimates,  combined  with  total  effective  city 
connection  estimates,  given  total  effective  number  of  connections,  shown  on 
Table  V-6. 


WATER  USE  DATA 


Twelve  years  of  water  use  information  are  available  to  calculate  the  per 
connection  use  coefficient  (Table  V-7) .  Generally,  there  has  been  a  slight 
decline  in  per  connection  water  use,  with  several  exceptions.  The  local 
water  utility  attributed  rises  in  1977  and  to  a  lesser  extent  in  1978  to  cus¬ 
tomers  opening  faucets  on  cold  winter  nights  to  prevent  freezing  pipes.  It 
is  believed  that  better  home  insulation  has  all  but  ended  this  practice. 
Eliminating  the  1977  observation  for  this  reason  leaves  a  fairly  consistent, 
slightly  downward  historic  trend  in  per  customer  use  (Figure  V-l).  The 
slight  declining  trend  in  water  use  prevailed  in  spite  of  the  unchanged  nomi¬ 
nal  water  price  in  the  past  decade. 


Table  V-S.  Effective  City  Connections 
_ 1970-1981 _ 


Year 

Effective 

City 

Population1 

Number 

City 

Connections2 

Effective 

City 

Population/ 

Connection 

Campus 
Students 3 

Equivalent 

Connections 

Effective 

Total 

City 

Connections 

1970 

7920 

1898 

4.17 

983 

236 

2134 

1971 

8092 

1901 

4.26 

1071 

251 

2152 

1972 

8046 

1903 

4.22 

1335 

316 

2219 

1973 

8128 

1918 

4.24 

1384 

326 

2244 

1974 

8323 

1919 

4.34 

1387 

320 

2239 

1975 

8300 

1929 

4.30 

1415 

329 

2258 

1976 

8269 

1945 

4.25 

1560 

367 

2312 

1977 

8290 

1956 

4.24 

1549 

365 

2321 

1978 

8280 

1969 

4.21 

1658 

394 

2363 

1979 

8386 

1976 

4.24 

1667 

393 

2369 

1980 

8372 

1988 

4.21 

1667 

396 

2384 

1981 

8431 

2001 

4.21 

1672 

397 

2398 

Source:  State  Planning  Agency,  City  Water  Utility,  College  Registrar's  Office. 
1City  population  and  effective  off  campus  students,  from  Table  V-4. 

2Less  college  connections  and  wholesale  connections. 

3 Corrected  for  year  round  enrollment. 


Table  V-6. 

Effective  Number  of  Connections  for  Water  Supply  System 

1970-1981 

Year 

Effective 

City 

Connections 

Wholesale 

Connections 

Wholesale 
Cl ients 

Total 
Number 
Connect  ions 

1970 

2134 

254 

2 

2388 

1971 

2152 

263 

2 

2415 

1972 

2219 

268 

2 

2481 

1973 

2244 

317 

3 

2561 

1974 

2239 

730 

1 1 

2969 

1975 

2258 

741 

1 1 

29°  9 

1976 

2312 

781 

12 

3093 

1977 

2321 

850 

13 

3171 

1978 

2363 

853 

13 

3216 

1979 

2369 

1053 

15 

3422 

1980 

2385 

1054 

13 

3439 

1981 

2398 

1056 

13 

3454 

Source:  City  Water  Utility;  Table  V-5. 
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Table  V-7.  Per 

Customer  Water 
1970-1981 

Use 

Year 

Total 
Water  Use 

Effective 

Number 

Connections 

Water  Use/ 
Connection 
(gallon  s) 

1970 

0.574 

2388 

240 

1971 

0.573 

2415 

237 

1972 

0.591 

2487 

238 

1973 

0.686 

2561 

268 

1974 

0.769 

2969 

259 

1975 

0.796 

2999 

265 

1976 

0.757 

3093 

245 

1977 

0.890 

3171 

280 

1978 

0.855 

3216 

265 

1979 

0.821 

3422 

240 

1980 

0.802 

3439 

233 

1981 

0.812 

3454 

235 

Source:  City  Water  Utility;  Table  V-6. 
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OTHER  INFORMATION 


The  present  water  supply  system  consists  of  two  surface  water  impound¬ 
ments  with  a  total  storage  capacity  of  60  million  gallons.  Raw  water  is 
conveyed  through  a  five  mile  transmission  main  to  the  single  treatment  plant, 
which  has  a  capacity  of  2.0  mgd.  It  consists  of:  sedimentation,  floccula¬ 
tion,  filtration,  chemical  dosage,  and  pre  and  post  chlorination  processes. 
There  are  two  treated  water  reservoirs  with  a  combined  capacity  of  six  mil¬ 
lion  gallons. 

The  storage  and  distribution  system  is  judged  to  be  adequate  for  present 
needs,  although  system  capacity  may  be  inadequate  in  the  event  of  extended 
drought.  If  the  service  area  is  expanded,  additional  capacity  and  improve¬ 
ments  in  the  distribution  system  will  be  required. 

In  1979,  a  computerized  billing  system  was  implemented  for  all  customers. 
All  connections  within  the  city  are  metered.  The  local  college  is  the  major 
user  in  the  city. 

Wholesale  water  totals  about  20  percent  of  total  water  demand.  There 
are  13  wholesale  clients  (satellite  communities).  No  water  is  imported  into 
the  water  supply  system.  Sewage  is  conveyed  by  a  public  collection  system 
to  a  treatment  plant  providing  secondary  treatment  and  the  effluent  is  dis¬ 
charged  to  a  local  stream. 

Water  rates  have  remained  essentially  unchanged  during  the  past  decade, 
utilizing  an  increasing  block  rate  structure.  In  real  terms,  water  rates 
have  decreased  with  respect  to  other  prices.  Wholesale  water  rates  are 
slightly  higher  than  those  inside  the  City,  although  they  decline  at  high 
volumes. 

No  conservation  measures  are  in  effect  at  the  present  time,  or  planned 
for  future  implementation.  Had  one  or  more  measures  been  proposed,  it  would 
have  been  necessary  to  determine  the  effect  of  that  measure  with  respect  to 
per  connection  water  use.  This  could  be  based  on  previous  local  experience 
with  partial  implementation  or  on  experience  in  similar  communities  elsewhere. 
Such  a  determination  can  only  be  approximate,  at  best. 

If  data  from  another  area  are  found,  expressed  on  a  per  connection  or 
per  capita  basis,  which  describe  the  effectiveness  of  a  similar  measure, 
those  data  could  be  used  to  estimate  effectiveness  in  the  study  area.  If 
the  service  area  from  which  the  data  were  collected  had  a  markedly  different 
structure  of  water  use,  however,  the  results  could  be  seriously  biased.  For 
example,  noting  that  a  residentially-oriented  measure  reduces  per  capita  water 
use  by  5.0  gpcd  is  not  complete  information.  It  is  also  necessary  to  know 
what  fraction  of  total  water  use  is  residential,  so  that  differences  in  water 
use  structure  can  be  accounted  for.  In  the  absence  of  this  information,  ef¬ 
fectiveness  determinations  must  be  made  cautiously,  with  some  understanding 
of  the  range  of  possible  error.  As  forecasts  become  more  disaggregated,  as 
demonstrated  in  Sections  VI  through  VIII,  the  reliability  of  effectiveness 
estimates  improves. 
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Water  Use  Forecast 


A  forecast  of  water  use  for  the  study  area  requires  projections  of  the 
number  of  connections  and  of  water  use  per  connection  for  each  forecast  year. 
The  connection  projection  is  based  on  the  population  forecast  shown  on  Table 
V-2,  and  a  projection  of  population  per  connection  derived  from  an  existing 
projection  of  average  population  per  household,  adjusted  to  population  per 
connection  on  the  basis  of  1980  data.  Projected  number  of  connections  for 
each  forecast  year  is,  therefore,  projected  population  divided  by  projected 
population  per  connection. 

In  projecting  water  use  per  connection,  it  is  important  to  consider,  at 
a  qualitative  level,  other  variables  which  may  affect  future  water  use.  In 
this  forecast,  the  planned  growth  and  expansion  of  the  service  area,  expected 
to  occur  in  two  stages,  is  well  documented  in  the  county  water  and  sewer  plan 
and  in  the  county  comprehensive  plan.  Socio-economic  and  land  use  informa¬ 
tion  is  also  available  from  these  sources.  Since  no  substantial  deviations 
from  recent  trends  are  expected  for  most  demographic  and  socio-economic  vari¬ 
ables,  future  water  use  per  connection  is  obtained  by  a  simple  extrapolation 
of  the  recent  trend  shown  on  Figure  V-l. 

A  linear  extrapolation  of  per  connection  water  use  is  illustrated  on 
Figure  V-2.  The  trend  line  is  fitted  through  the  data  points  plotted  on 
Figure  V-l,  giving  a  coefficient  value  which  decreases  slowly  over  time. 
However,  due  to  the  large  variance  of  the  residual  (that  is,  excessive 
scatter  of  points  around  the  trend  line)  the  result  is  less  than  fully  satis¬ 
factory.  Apparently  factors  not  considered  in  this  analysis,  such  as  weather, 
local  economic  conditions,  changes  in  housing  mix,  price  level,  etc.,  affect 
the  coefficient  value.  After  qualitative  re-examination  of  these  issues,  no 
basis  was  found  for  modifying  the  coefficient  projection. 

The  results  of  parameter  and  coefficient  projections,  together  with  the 
resulting  water  use  forecast,  are  shown  on  Table  V-8.  Population  projections 
are  obtained  from  Table  V-2,  and  population  per  connection  is  forecast  as 
described  above.  These  projections  lead  to  estimates  for  number  of  connec¬ 
tions  for  each  forecast  year.  When  multiplied  by  projected  per  connection 
water  use,  this  gives  the  water  use  forecast  for  each  year  plotted  as  Figure 
V-3.  Forecast  average  day  water  use  can  be  seen  to  rise  from  0.811  mgd  i  i 
the  base  year  to  1.673  mgd  in  the  year  2030,  an  average  annual  increase  cf 
almost  1.5  percent/year  over  the  50  year  planning  period. 


Analysis  of  Results 


PROCEDURAL  PROBLEMS 


The  per  connection  requirement  method  described  here  is  one  of  many  pos¬ 
sible  approaches  to  the  forecasting  problem.  It  may  be  relevant  to  point 
out  that  the  per  connection  method  can  easily  be  transformed  into  the  per 


An.'ual  Water  Use  ( m^il ! 
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Table  V-8.  Forecast  Water  Use 
1980-2030 


1980 

1990 

2000 

2010 

2020 

2030 

Projected  Population1 

12,579 

15,985 

22,935 

24,180 

25,290 

26,450 

Population  Per  Connection2 

3.8 

3.7 

3.6 

3.5 

3.4 

3.4 

Projected  No.  Connections 

3,310 

4,320 

6,370 

6,910 

7,440 

7,780 

Per  Connection  Water  Use3 

245 

239 

233 

227 

221 

215 

Daily  Water  Use  (mgd) 

.811 

1.032 

1.484 

1.569 

1.644 

1.673 

Annual  Water  Use  (mg) 

296 

377 

542 

573 

600 

611 

drom  Table 
2A  weighted 
decreasing 


V-2. 

average  between  city  and  satellites. 

rate  of  0.6  gallon  per  year,  see  Figure  V-2. 
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capita  method.  In  this  study,  for  example,  the  total  population  of  the  study 
area  could  have  been  multiplied  by  a  per  capita  use  coefficient,  projected  in 
a  manner  exactly  analogous  to  the  per  connection  coefficient  used.  This  ap¬ 
proach  was  not  adopted  because  of  its  reliance  on  historic  population  figures 
to  obtain  per  capita  values.  The  lack  of  accurate  historic  population  data, 
and  lack  of  information  on  historic  service  area  boundaries,  would  render 
the  estimate  of  a  per  capita  coefficient  unreliable  and  any  forecast  based 
on  this  coefficient  could  further  amplify  the  errors  in  estimation  that  may 
be  present.  The  choice  of  the  per  connection  requirement  method  fully  uti¬ 
lizes  the  set  of  reliable  data  that  were  available  for  the  largest  part  of 
the  service  area:  the  number  of  connections,  and  historic  water  use. 


SENSITIVITY  ANALYSIS 


Two  coefficients  are  critical  to  the  outcome  of  the  forecasting  method: 
average  population  per  connection  and  water  use  per  connection.  Average 
population  per  connection  is  needed  to  convert  the  projected  population  at 
each  period  to  the  number  of  connections.  Any  error  in  estimation  will  af¬ 
fect  the  accuracy  of  the  projected  total  water  demand.  Knowledge  of  the 
socio-economic  conditions  of  the  present  service  area  together  with  those  of 
anticipated  growth  areas  and  projected  population  could  improve  the  accuracy 
of  the  population  per  connection  coefficient.  The  slow  growth  of  the  city, 
the  current  no-growth  policy  of  the  college,  and  the  expansion  of  service 
area  into  surrounding  residential  area  imply  upper  and  lower  bounds  for  the 
population  per  connection  water  use  coefficient.  At  one  extreme,  the  coeffi¬ 
cient  is  bounded  by  the  calculated  present  population  per  connection,  and  at 
the  other  end,  by  the  average  household  size  and  its  projections  available 
through  the  Census. 

Water  use  per  connection  is  a  function  of  land  use  and  economic  activi¬ 
ties,  given  the  constant  and  uniform  effect  of  climate,  price  of  water  and 
income  over  time.  It  is  difficult  to  predict  trends  in  water  demand  if 
there  is  a  heterogeneous  mix  of  land  use  and  economic  activities,  and  if 
each  sector  is  expected  to  grow  at  a  different  rate.  For  this  study,  resi¬ 
dential  water  use  is  expected  to  dominate  the  study  area,  and  growth  is  ex¬ 
pected  to  be  similar  to  those  of  surrounding  areas.  Per  capita  water  use  of 
about  60  gallons  per  day  is  implied  by  the  per  connection  water  use  coeffi¬ 
cient  used. 


DETAIL  vs.  AGGREGATION 


The  forecast  results  can  never  contain  more  information  than  that  ori¬ 
ginally  represented  by  the  data  and  assumptions.  The  amount  of  information 
derived  from  the  procedure  is  a  function  of  the  level  of  information  avail¬ 
able  initially.  Aggregate  data  yielding  average  water  use  per  connection  is 
employed  in  this  study.  The  result  is  the  projected  aggregate  water  use  per 
connection.  It  is  not  possible  to  draw  conclusions  of  greater  detail  than 
those  supported  by  the  data. 


WITH-  VS.  WITHOUT- PROJECT  CONDITIONS 


The  forecast  described  in  this  section  was  performed  as  part  of  a  pre¬ 
liminary  assessment  of  water  supply  and  demand  conditions.  Since  no  projects 
were  being  planned,  no  with-project  forecast  is  applicable.  Had  such  a  fore¬ 
cast  been  required,  however,  the  method  chosen  (the  per  connection  method) 
offers  limited  scope  for  reflecting  the  impact  of  a  federally-planned  water 
supply  project  on  future  water  use.  Most  affected  variables  (price,  economic 
development,  etc.)  are  not  explicit  in  the  forecast,  and  reliance  must  be 
placed  on  qualitative  analysis,  followed  by  subjective  adjustments  to  the  per 
connection  water  use  coefficient.  Such  adjustments  must  be  approached  with 
care,  as  they  are  likely  to  be  unreliable,  and  may  erode  the  credibility  of 
the  resulting  forecast. 


APPLICATION  OF  RESULTS 


The  procedure  described  here,  based  on  level  1  data,  gives  a  forecast 
of  aggregate  water  use.  It  does  not  provide  information  on  growth  and  demand 
in  particular  sectors  of  the  community.  It  cannot  differentiate  water  use 
from  the  city,  the  college,  or  the  satellites,  which  are  known  to  be  different 
in  character.  The  results  are  appropriate  only  to  a  preliminary  study,  which 
is  not  governed  by  the  Principles  and  Guidelines.  A  study  of  this  kind  may 
give  indications  of  project  needs  and  feasibility,  given  the  assumptions  of 
the  forecasting  method  and  the  level  of  data  aggregation.  In  order  to  com¬ 
plete  the  planning  process  for  a  specific  project,  a  more  detailed  study  must 
be  undertaken  at  a  later  date. 


COMPARISON  WITH  OTHER  FORECASTS 


When  compared  to  other  water  use  forecasts  for  the  study  area,  the 
results  for  this  study  show  somewhat  lower  forecast  water  use  than  results 
from  a  consultant  report,  or  from  the  county  water  and  sewer  plan  (Table  V-9) . 
The  consultant  study  assumed  both  more  rapid  population  growth  and  higher 
water  use  rates.  It  forecasted  a  130  percent  increase  in  water  use  over  40 
years,  an  average  rate  of  about  2.1  percent/year.  The  county  assumed  indus¬ 
trial  water  use  of  0.5  mgd  (actual  use  in  the  base  year  was  no  more  than 
0.03  mgd)  as  well  as  sustained  growth  for  the  local  college. 

A  consultant's  report  for  the  same  study  area  suggested  higher  water 
use  in  1990,  and  nearly  identical  use  in  2000.  Although  similar  population 
forecasts  were  used,  the  consultant  report,  employing  the  per  capita  method, 
assumes  slowly  increasing  unit  use  rates  in  the  future,  while  this  study 
implies  a  nearly  static  per  capita  use  rate  over  the  50  year  planning  period. 


VI.  EXAMPLE  B  -  LEVEL  2  DATA 


Background  and  Approach 


STUDY  AREA 

Example  B  is  a  forecast  prepared  for  a  city  of  approximately  400,000 
located  in  the  south  central  U.S.  The  study  area  is  inland  at  an  elevation 
of  700  feet  above  sea  level;  it  is  surrounded  by  gently  rolling  hills  and 
several  large  lakes.  The  climate  is  continental,  characterized  by- rapid 
changes  in  temperature.  Winters  are  mild,  with  an  average  temperature  for 
the  winter  months  of  39.4°F;  summer  months  average  80.8°F  and  temperatures 
of  100°F  or  higher  are  frequently  experienced.  Average  annual  temperature 
is  about  60°F.  Rainfall  is  moderate  (averaging  37  inches  per  year)  and 
generally  seasonal,  with  monthly  averages  ranging  from  1.7  inches  in  winter 
to  4.1  inches  in  spring.  Average  snowfall  is  less  than  10  inches  per  year. 
The  area  is  subject  to  violent  windstorms  and  tornadoes,  which  occur  through¬ 
out  the  year. 

The  study  area  is  defined  as  the  service  area  of  a  municipally-owned 
water  utility,  adjusted  to  include  the  major  industrial  water  users  in  the 
metropolitan  area.  The  utility  service  area  is  essentially  identical  to 
the  corporate  limits  of  the  city;  those  industrial  users  located  outside 
the  city  limits  are  served  through  the  distribution  systems  of  suburban 
utilities  (wholesale  customers  of  the  city  utility)  or  by  private  pipeline. 
The  study  area  includes  approximately  70  percent  of  the  metropolitan  area 
population,  and  more  than  90  percent  of  industrial  employment. 

The  relative  sizes  of  the  major  employment  sectors  within  the  study  area 
are  indicated  on  Table  VI-1.  Data  shown  are  the  percentage  of  total  labor 
force  engaged  in  each  sectoral  activity.  Manufacturing  and  service  sectors 
together  account  for  40  percent  of  total  employment.  The  major  industrial 
employers  are  the  energy  and  transportation  industries.  Oil  and  oil -related 
activities  account  for  some  30,000  employees  within  the  study  area,  while 
over  10,000  people  are  employed  by  aviation  and  aerospace  firms. 

High  rates  of  growth  have  been  experienced  by  the  local  economy  in  the 
past,  and  are  expected  to  continue  into  the  medium-term  future.  The  study 
area  includes  large  tracts  of  undeveloped  land,  creating  a  potential  for 
substantial  growth  during  the  forecast  period. 


FORECAST  REQUIREMENTS 

The  forecasting  method  chosen  for  this  example  must  provide  the  neces¬ 
sary  information  to  the  planning  process,  be  sensitive  to  factors  which  are 
important  determinants  of  water  use  in  the  study  area,  and  make  the  best  use 
of  data  which  can  reasonably  be  made  available.  In  the  case  of  the  first 


Table  VI-1.  Distribution  of  Study  Area  Employment,  1981 


Activity 


Size  of  Activity 
(Employment) 
Percentages 


Manufacturing 


Services 


Retail  Trade 


Government 


Transportation,  Utilities 

Wholesale  Trade 

Mining 


Construction 


Finance,  Insurance,  Real  Estate 
Agriculture 


Source:  Economic  Outlook  for  the  City,  Published  by  the 
Economic  Development  Commission 
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requirement,  forecasts  of  municipal  and  industrial  water  use  are  needed  for 
a  50  year  planning  period,  beginning  in  1980.  No  further  disaggregation  is 
required,  as  no  conservation  measures  are  to  be  evaluated.  Because  current 
planning  is  concerned  with  the  adequacy  of  sources,  rather  than  facilities, 
only  average  day  water  use  must  be  forecast. 

The  study  area  has  experienced  very  rapid  growth  in  all  measures  of 
water  use  during  the  past  decade,  and  the  forecast  method  should  be  capable 
of  identifying  components  of  that  growth  so  that  future  trends  can  be  prop¬ 
erly  projected.  Also,  water  use  in  the  study  area  is  highly  seasonal,  so 
the  method  should  be  able  to  treat  seasonal  water  use  in  an  appropriate  way. 

A  preliminary  assessment  of  data  availability  indicates  that  good  qual¬ 
ity  data  on  daily  water  pumpage  are  available  for  past  years,  as  well  as  data 
on  water  sold  to  areas  outside  of  the  study  area,  and  on  industrial  water  use 
Data  are  also  available  for  various  explanatory  variables,  including  weather 
variables. 

Based  on  these  conditions,  a  multivariate  requirements  model  was 
attempted,  with  the  explanatory  variables  to  be  selected  from  the  limited 
set  available  without  extensive  data  collection.  These  include  resident  pop¬ 
ulation,  number  of  connections,  industrial  employment,  average  monthly  tem¬ 
perature,  average  monthly  rainfall,  monthly  moisture  deficit,  number  of 
household  units,  household  size,  and  value  of  building  permits.  Municipal 
water  use  is  forecast  separately  from  industrial  use,  and  municipal  water  is 
further  disaggregated  into  seasonal  and  non-seasonal  components.  As  de¬ 
scribed  below,  no  multivariate  model  could  be  formulated;  the  forecast  is 
performed  by  a  series  of  single  coefficient  models.  The  coefficients  of 
the  models  are  estimated  by  times-series  analysis,  using  data  from  the 
period  1970-1981. 


Data  Collection 


EXPLANATORY  VARIABLES 


Four  possible  sources  of  population  data  and  projections  are  available: 
decennial  U.S.  Census  data,  locally  adjusted  annual  population  data,  OBERS 
projections  for  the  SMSA,  and  an  estimate  of  service  area  population  based 
on  number  of  connections.  OBERS  population  data  are  not  used,  as  the  ser¬ 
vice  area  comprises  less  than  70  percent  of  the  SMSA  population,  and  the 
city  and  surrounding  counties  have  had  widely  different  growth  rates  in  the 
past. 


Census  data,  on  the  other  hand,  can  be  adjusted  to  match  the  service 
area  of  the  utility,  which  is  nearly  identical  to  the  city  itself.  This  pro¬ 
cess  gives  population  for  the  years  1970  and  1980,  which  can  be  interpolated 
with  the  help  of  local  information,  such  as  rate  of  change  in  number  of  con¬ 
nections.  Resulting  study  area  population  ranges  from  365,037  in  1970  to 
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398,815  in  1980,  an  average  annual  increase  of  about  0.9  percent.  Annual 
estimates  are  summarized  later  in  this  section. 

The  number  of  connections  to  the  distribution  system  is  available  on 
a  continuous  basis  from  the  records  of  the  water  utility.  The  total  number 
of  connections  has  increased  from  111,789  in  1970  to  136,131  in  1980,  an 
average  annual  increase  of  about  2.0  percent.  The  disparity  in  growth 
rates  between  population  and  number  of  connections  results  from  (1)  very 
rapid  growth  in  nonresidential  connections  during  the  decade  (commercial  and 
institutional  growth,  primarily)  and  (2)  decreasing  household  size,  result¬ 
ing  in  fewer  persons  per  residential  connection. 

Other  demographic  data  were  obtained  from  local  sources,  including 
total  number  of  household  units  and  average  annual  value  of  building  permits 
issued.  These  data  are  shown  on  Table  VI-2,  together  with  the  calculated 
average  household  size.  It  can  be  seen  that  the  total  number  of  households 
increased  dramatically  during  the  1970-1980  period,  accompanied  by  a  rapid 
drop  in  average  household  size. 

Industrial  employment  also  increased  rapidly  during  the  past  decade. 
Employment  totals  for  an  industrial  sector  including  manufacturing,  transport, 
and  some  service  activities  were  obtained  from  state  agencies  and  from  certain 
federal  data  pertaining  to  the  SMSA.  Total  industrial  employments  as  defined 
here,  rose  from  81,  827  in  1970  to  116,838  in  1980,  an  average  rate  of  growth 
of  3.6  percent  per  year. 

Data  were  also  collected  on  average  monthly  temperature  and  average 
monthly  precipitation  for  the  study  area.  These  data  are  shown  as  Tables 
VI-3  and  VI-4.  Monthly  moisture  deficits  are  calculated  from  temperature  and 
precipitation  data,  using  the  method  of  Thornthwaite  and  Mather  (1957)  for 
potential  evapotranspiration  and  effective  precipitation  as  defined  below 
(from  Linsley  and  Franzini  (1964]).  Moisture  deficit  is  shown  on  Table  VI-5, 
and  is  defined  as: 

MD  =  Pi;  -  EP  (VI- 1) 

EP  =  AP  (actual  precipitation)  if  AP  £  1  inch 

=  (-0.1 (AP) 2  +  1 . 2(AP)  -  0.1]  if  1  <  AP  <  6  inches  (VI -2) 

=  3.5  if  AP  2.  6  inches. 

Where:  MD  =  monthly  moisture  deficit  (inches) 

PE  =  monthly  potential  evapotranspiration  (inches) 


WATER  USE  DATA 


Total  water  use  (total  pumpage  into  the  distribution  system)  is  made  up 
of  municipal  and  industrial  sectors.  Municipal  water  use  represents  metered 
water  use  (by  residential,  commercial,  and  institutional  users)  and  unmetered 
public  and  unaccounted  uses.  Industrial  water  use  represents  treated  water 
supplied  to  large  industrial  users. 
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Table  VI-2. 

Housing  Units  and  Value  of  Building  Permits,  1970-1980 

Number  of 
Housing 
Units1 

Household 

Size2 

Average  Value  of 
Building  Permits3 
($1,000,000) 

1970 

121,362 

3.01 

120.1 

1971 

126,613 

2.92 

113.4 

1972 

131,911 

2.83 

179.6 

1973 

137,952 

2.73 

210.6 

1974 

141,455 

2.68 

231.8 

1975 

143,763 

2.66 

105.7 

1976 

147,049 

2.62 

192.3 

1977 

150,824 

2.58 

240.5 

1978 

154,706 

2.53 

408.8 

1979 

158,331 

2.50 

289.8 

1980 

161,809 

2.46 

443.7 

Obtained  from  the  water  utility. 

Population  of  service  area  (Table  Vl-9)  divided  by  the 
number  of  housing  units. 

30btained  from  the  water  utility. 
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The  water  use  data  for  the  study  area  are  presented  in  Table  VI -6. 
Total  water  use  measures  total  water  pumped  into  the  distribution  system. 
The  breakdown  of  water  usage  in  1980/81  is  as  follows: 


Industrial  37. 81 

Municipal 

residential/commcrcial  42°o 
public  3 . 3°0 

unaccounted  16. 9°!, 


Table  VI-7  shows  the  changing  levels  of  public  and  unaccounted  water,  mea¬ 
sured  as  percentages  of  total  water  use  for  each  year.  The  percentage  of 
total  water  used  by  the  public  sector  has  remained  fairly  constant  over  the 
past  six  year's  averaging  3.8  percent.  Unaccounted  water  has  been  more 
variable  ranging  from  14.3  percent  in  1976/77  to  21.4  percent  in  1979/80. 
Residential/commercial  water  use  was  calculated  by  subtracting  industrial, 
public,  and  unaccounted  use  from  total  water  use. 

In  1980,  the  22  largest  industrial  water  users  in  the  study  area  ac¬ 
counted  for  9,284.5  mg  or  25.4  percent  of  total  water  use.  These  firms 
represent  68  percent  of  total  industrial  water  use.  Total  water  used  by 
the  industrial  sector  is  13,819.6  mg  or  37.8  percent  of  total  water  use. 

Strong  seasonal  variations  in  water  use  are  evident  from  examination 
of  monthly  pumpage  figures.  In  the  absence  of  other  data,  it  is  assumed  that 
these  variations  occur  entirely  within  the  municipal  sector.  Table  VI -8  shows 
seasonal  variations  in  municipal  water  use  for  each  year,  calculated  according 
to  the  formula: 


*si 


q.  -  q  . 
l  nm 


(VI -3) 


Where:  qsi  =  seasonal  municipal  water  use  in  year  i 
qi  =  total  municipal  water  use  in  year  i 
qni  =  nonseasonal  water  use  in  year  i  (average  monthly  water 
use  for  December-March  times  12) 

Column  1  in  Table  VI-8  gives  computed  water  use  figures  equal  to  the  excess 
of  total  municipal  water  use  over  nonseasonal  use.  The  results  from  Table 
VI-8  are  graphed  in  Figure  VI-1.  The  seasonal  variations  suggest  high  cor¬ 
relations  between  summer  weather  and  water  use.  Steady  increases  are  evi¬ 
dent  for  both  seasonal  and  nonseasonal  water  use  over  the  past  decade. 


OTHER  INFORMATION 


High  rates  of  growth  for  the  local  economy  are  predicted  for  the  1980's. 
Personal  income  is  expected  to  rise  at  an  annual  rate  of  4.3  percent  for  the 
SMS A  and  5.4  percent  for  the  county.  It  is  predicted  that  manufacturing  em¬ 
ployment  for  the  region  will  increase  by  3.8  percent  and  service  employment 
by  approximately  4  percent  per  year.  It  is  expected  that  the  population  of 
the  SMSA  will  grow  by  2.3  percent;  that  of  the  county  by  1.7  percent;  and 
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Table  VI-6 

Annual  Water 

Use  Data,  1970- 

■1980  (mg/year)' 

L 

Total 

Water  Use 

Residential/2 

Commercial 

Municipal 

Public 

Unaccounted 

Total 

Industrial 

1970 

21,131.7 

8,955.2 

4.325.5 

13,280.7 

7,851.0 

1971 

21,195.4 

8,982.2 

4,338.5 

13,320.7 

7,874.7 

1972 

22,522.7 

9,544.7 

4,610.2 

14,154.9 

8,367.8 

1973 

22,928.6 

9,716.7 

4,693.3 

14,410.0 

8,518.6 

1974 

24,949.9 

10,573.3 

5,107.0 

15,680.3 

9,269.6 

1975 

26,313.0 

11,638.7 

4,945.3 

16,584.0 

9,729.0 

1976 

27,743.3 

12,391.3 

5,088.9 

17,480.2 

10,263.1 

1977 

29,816.8 

13,383.2 

5,404.6 

18,787.8 

11,029.0 

1978 

32,770.3 

13,190.7 

7,453.1 

20,643.8 

12,126.5 

1979 

34.751.8 

13,205.7 

8,671.9 

21,877.6 

12,874.2 

1980 

36,546.2 

15,342.4 

7,384.2 

22,726.6 

13,819.6 

1Total  water  pumpage  data  obtained  from  the  water  utility  on  a  daily  basis,  and 
totaled  over  each  calendar  year. 
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Table 

VI-7.  Percentage  Changes  in 
Unaccounted  Water  Use 

Public  and 

By  Sector1 

Public2 

Unaccounted 

1975/76 

4.1 

14.7 

1976/77 

4.0 

14.3 

1977/78 

4.3 

13.8 

1978/79 

3.8 

19.0 

1979/80 

3.6 

21.4 

1980/81 

3.3 

16.9 

Total  average 
change 

percentage  3.8 

16.7 

1Each  value  represents  the  percentage  of  total  water  sup¬ 
plied  accruing  to  that  sector  for  each  year. 

2Water  sold  to  the  city  government  for  public  uses. 

Source:  Previous  water  use  forecast  for  the  service  area. 
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Table  VI-8.  Seasonal  and  Non-Seasonal  Municipal  Water  Use, 

1970-1980  (mg/year) 


^si1 2 

1970 

1,769.0 

11,511.7 

1971 

1,601.5 

11,719.2 

1972 

1,833.8 

12,321.1 

1973 

1,547.2 

12,862.8 

1974 

1,782.1 

13,898.2 

1975 

2,199.5 

14,384.5 

1976 

1,694.4 

15,785.8 

1977 

2,187.8 

16,600.0 

1978 

3,170.7 

17,473.1 

1979 

2,038.4 

19,839.2 

1980 

2,364.5 

20,362.1 

1Seasonal  water  use  is  excess  of  total  water  use  over  non-seasonal . 

2Non-seasonal  =  December  -  March  average  times  12. 


igurc  VI -1.  Seasonal  and  Non-Sea sorn  1  Municipal  Water  Use, 

I  <)80 
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that  of  the  city  by  1  percent  per  year.  The  rate  of  residential  construction 
has  slowed  over  che  last  few  years  although  there  have  been  very  high  levels 
of  non- residential  construction.  Multi-family  residential  structures  have 
increased  at  a  greater  rate  than  single-family  structures. 

Two  city-owned  impoundments  provide  the  main  supply  of  water  to  the 
study  area.  Together  these  two  impoundments  have  a  dependable  yield  of  60 
mgd.  In  1964,  the  water  utility  received  an  appropriation  of  water  rights 
for  an  additional  66  mgd  to  be  withdrawn  from  a  third  reservoir.  In  total, 
the  utility  has  a  dependable  supply  of  126  mgd.  There  is  also  a  contract 

for  emergency  supply  from  another  river  in  the  event  of  a  severe  drought. 

There  are  two  water  treatment  plants  in  the  distribution  system.  Cur¬ 
rently,  these  plants  have  a  combined  treatment  capacity  of  150  mgd  and  pump¬ 
ing  capacity  of  162  mgd.  The  distribution  system  is  being  upgraded  and  the 
capacity  of  one  of  the  treatment  plants  is  to  be  increased  by  40  mgd.  The 
raw  water  supply  pipelines  have  a  combined  capacity  of  140  mgd. 

The  present  water  supply  available  to  the  utility  is  insufficient  to 

handle  expected  future  increases  in  water  use.  In  1980-81,  a  severe  drought 
occurred  and  reservoir  levels  became  so  low  that  raw  water  had  to  be  pumped 
from  the  emergency  supply  source. 

Existing  water  use  forecasts  for  the  service  area  indicate  that  demand 
will  equal  existing  supplies  in  1983.  The  water  utility  has  recently  ap¬ 
plied  for  water  appropriation  rights  from  an  additional  (fourth)  source. 

If  these  rights  are  secured,  demand  will  not  exceed  supply  until  1991,  at 
present  growth  rates. 

Customers  in  the  study  area  are  charged  a  fixed  rate  or  minimum  bill 
for  the  first  1,000  gallons  consumed,  after  which  they  are  charged  a  con¬ 
stant  rate  per  unit  of  water  used  (uniform  rate  structure  with  minimum  bill). 


Water  Use  Forecast 


MODEL  FORMULATION 


In  order  to  develop  water  use  models  suitable  for  forecasting,  histori¬ 
cal  relationships  between  water  use  and  various  explanatory  variables  are 
investigated.  Bivariate  relationships  (between  water  use  and  a  single  ex¬ 
planatory  variable)  are  examined  first,  so  that  variables  having  the  highest 
correlations  with  water  use  can  be  retained  for  later  use  in  the  model. 

Total  municipal  water  use  is  reviewed,  followed  by  separate  consideration  of 
seasonal  and  non-seasonal  components.  Industrial  water  use  is  examined 
separately. 


VI -IS 


Per  Capita  Use 


Per  capita  rates  of  daily  municipal  water  use  are  presented  in  Table 
VI-9.  These  figures  are  calculated  by  dividing  daily  municipal  use  by  the 
estimated  population  of  the  service  area.  Per  capita  use  increases  from 
99.7  gpcd  in  1970  to  155.7  gpcd  in  1980.  These  data  indicate  an  unusually 
large  average  annual  percentage  increase  of  4.6  percent  over  the  past  ten 
years.  If  residential/commercial  use  is  isolated,  per  capita  rates  are 
reduced  to  67.2  gpcd  for  1970  and  105.4  gpcd  in  1980,  although  average  annual 
growth  remains  at  approximately  4.6  percent.  Figure  VI -2  shows  that  the  rate 
of  increase  in  per  capita  municipal  use  accelerates  after  1975.  This  is  re¬ 
flected  in  the  annual  percentage  increase  for  the  years  1975-1980  of  5.5 
percent  per  year,  compared  to  an  increase  of  3.6  percent  per  year  between 
1970  and  1975. 


Per  Connection  Use 


The  number  of  connections,  water  use  per  connection  and  population  per 
connection  are  shown  in  Table  VI-10.  Water  use  per  connection  (see  Figure 
VI-3)  has  increased  sharply  over  the  past  ten  years,  although  the  percentage 
increase  (3.4  percent  per  year)  is  somewhat  less  than  that  of  per  capita  use. 
Population  per  connection  (Figure  VI-4)  shows  a  steady  decrease  over  the 
past  10  years.  This  is  an  expected  result  as  household  sizes  (number  of 
residents  per  dwelling  unit)  have  been  generally  decreasing  (Table  VI-2). 


Per  Employee  Industrial  Use 


Industrial  employment,  water  use  and  water  use  rates  are  presented  in 
Table  VI-11.  The  industrial  sector  includes  manufacturing,  transport  and 
certain  service  industry  components.  Water  use  per  employee  ranges  from 
262.9  gallons  per  day  to  323.2  gallons  per  day,  an  average  increase  of  2.1 
percent  per  year.  This  growth,  while  substantial,  is  noticeably  less  than 
the  per  capita  and  per  connection  increases  in  the  municipal  sector. 

Figure  VI-5  shows  the  change  in  industrial  water  use  rates  over  time. 


Water  Use  Models 


Municipal  Water  Use:  Municipal  water  use  is  divided  into  seasonal  and 
non-seasonal  components  (see  Table  VI-8'.  Seasonal  and/or  total  municipal 
water  use  can  be  expressed  as  a  function  of  at  least  seven  explanatory 
variables:  population,  number  of  connections,  household  size,  average  ann¬ 
ual  value  of  building  permits  and  three  weather  variables:  temperature, 
precipitation,  and  moisture  deficit.  Non-seasonal  water  use  can  be  expressed 
as  a  function  of  these  same  variables  with  the  exception  of  weather  data. 

This  is  because  it  is  expected  that  sprinkling  water  use,  which  is  weather- 
related  and  comprises  a  major  component  of  seasonal  water  use,  will  be 


Table  VI-9.  Population,  Daily  Municipal  Water  Use, 
_ Per  Capita  Use,  1970-1980 _ 


Population 
of  the 

Service  Area1 

>ngd: 

Per  Capita 
Use/ Day 3 

1970 

365,037 

36.39 

99.7 

1971 

369,114 

36.50 

98.9 

1972 

373,087 

38.67 

103.6 

1973 

376,249 

39.48 

104.9 

1974 

379,228 

42.96 

113.3 

1975 

382,197 

45.44 

118.9 

1976 

385.403 

47.76 

123.9 

1977 

388,600 

51.47 

132.4 

1978 

391,987 

56.56 

144.3 

1979 

395,106 

59.94 

151.7 

1980 

398,815 

62.09 

155.7 

Estimates  obtained  from  planning  agencies  in  the  service  area 
and  U.  S.  Census. 

2Total  annual  municipal  use  (Table  Vl-6)  divided  by  the 
number  of  days  per  year. 

3Daily  consumption  divided  by  the  population  of  the  service  area. 
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Table  VI -10.  Number  of  Connections,  Water  Use  Per  Connection 
and  Population  Per  Connection,  1970-1980 


Water  Use 

Number  of  Per  Connection2  Population 
Connections1  gpd  Per  Connection3 


1970 

111,789 

325.5 

3.27 

1971 

115,183 

316.9 

3.20 

1972 

117,467 

329.2 

3.18 

1973 

121,009 

326.3 

3.11 

1974 

123,064 

349.1 

3.08 

1975 

124,628 

364.6 

3.07 

1976 

125,914 

379.3 

3.06 

1977 

127,519 

403.6 

3.05 

1978 

129,598 

436.4 

3.02 

1979 

132,812 

451.3 

2.97 

1980 

136,131 

456.1 

2.93 

1 Provided  by  water  utility. 

2mgd  (Table  VI -9)  divided  by  the  number  of  connections. 

Population  of  the  Service  Area  (Table  VI-9)  divided  by  the 
number  of  connections. 
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Table  VI-11.  Industrial  Employment,  Water  Use 
_  and  Water  Use  Rates,  1970-1980 


Employment1 

Industrial 
Water  Use2 

(mgd) 

Industrial 
Water  Use/ 
Employee 

gpd 

1970 

81,827 

21.51 

262.9 

1971 

80,567 

21.56 

267.6 

1972 

82,864 

22.86 

275.9 

1973 

86,647 

23.34 

269.4 

1974 

92,283 

25.40 

275.2 

1975 

94,157 

26.65 

283.0 

1976 

98,408 

28.04 

284.9 

1977 

102,123 

30.22 

295.9 

1978 

106,173 

33.22 

312.9 

1979 

112,313 

35.27 

314.0 

1980 

116,838 

37.76 

323.2 

Represents  manufacturing  employment,  transport  and  util¬ 
ities  and  some  service  employment.  Source:  OBERS  his¬ 
toric  data  for  the  SMSA  and  data  from  stage  government 
departments. 

2Annual  water  use  for  the  industrial  sector  divided  by 
the  number  of  days  per  year  (from  Table  VI-6). 


negligible  in  the  winter  months.  The  non-seasonal  model  can  be  considered 
as  a  representation  of  those  water  uses  which  are  not  weather-related,  such 
as  indoor  domestic  use. 

The  final  specification  of  the  water  use  models  will  depend  on  the  re¬ 
sults  of  statistical  analysis.  Multicollinearity  among  the  explanatory  vari¬ 
ables  may  force  the  exclusion  of  some  of  the  intended  parameters.  Multi¬ 
collinearity  occurs  when  one  or  more  of  the  explanatory  variables  are  highly 
correlated  with  others.  The  effect  of  multicollinearity  is  to  make  it  im¬ 
possible  to  determine  or  isolate  the  effect  of  any  one  of  the  highly  corre¬ 
lated  variables  on  the  dependent  variable.  In  addition,  the  square  of  the 
multiple  correlation  coefficient  (which  measures  the  ratio  of  the  sum  of 
squares  explained  by  the  regression  equation  to  the  sum  of  squares  unex¬ 
plained  by  the  regression  equation)  will  fluctuate  markedly  as  new  variables 
are  introduced  into  the  equation. 

In  order  to  determine  the  final  models,  a  number  of  multiple  and  bivar¬ 
iate  regression  analyses  were  performed.  Total  municipal  water  use  was 
regressed  against  the  seven  explanatory  variables.  A  second  regression 
equation  was  developed  where  per  capita  municipal  water  use  was  expressed 
as  a  function  of  all  variables  except  population.  Both  forms  were  tested 
for  seasonal  and  non-seasonal  municipal  use. 

Two  main  problems  occurred  in  the  development  of  these  models.  First, 
multicollinearity  among  the  explanatory  variables  in  the  municipal  use  model 
was  extremely  high.  Table  VI-12  shows  means  and  standard  deviations  for  the 
variables,  while  Table  VI- 13  shows  the  correlation  matrix.  Very  high  corre¬ 
lations  appear  between  moisture  deficit  and  temperature  and  among  the  demo¬ 
graphic  variables  of  population,  housing  size  and  value  of  building  permits. 
The  number  of  connections  is  almost  perfectly  correlated  with  service  area 
population. 

The  correlations  of  the  explanatory  variables  with  municipal  water  use 
agree  with  a  priori  expectations.  All  variables  show  a  positive  relationship 
with  the  dependent  variable  with  the  exception  of  rainfall  and  household  size. 
Household  size  also  has  an  inverse  relationship  with  per  capita  use,  which 
was  expected.  In  addition,  the  number  of  connections,  household  size,  value 
of  building  permits,  and  moisture  deficit  are  strongly  correlated  with  per 
capita  water  use. 

A  second  statistical  problem  relates  to  the  measurement  basis  of  inde¬ 
pendent  and  dependent  variables.  In  order  to  capture  the  seasonal  varia¬ 
tions  in  water  use,  it  is  possible  to  measure  moisture  deficit,  temperature, 
rainfall  and  water  use  on  a  monthly  or  seasonal  basis.  In  contrast,  popula¬ 
tion,  number  of  connections,  household  size  and  value  of  building  permits 
are  only  available  on  an  annual  basis.  This  creates  statistical  problems 
with  regard  to  the  regression  residuals.  If  the  results  of  the  regression 
analysis  are  to  be  meaningful,  the  residuals  (the  difference  between  the 
actual  and  the  estimated  dependent  variable  values  for  each  case)  must  have 
the  vol lowing  characteristics:  a  zero  mean,  a  normal  distribution,  a  con¬ 
stant  variance,  and  no  interdependence.  Violation  of  any  of  these  assumptions 


Table  VI-12.  Municipal  Water  Use  Variables 


Mean 

Standard  Deviation 

Cases 

WUSE 

17,176.9636 

3,421.0 

11 

TEMP 

60.1364 

17.3172 

132 

RAIN 

3.7050 

2.9079 

132 

MDEF 

0.9538 

2.6394 

132 

POPN 

382,256.6364 

10,875.193 

11 

CONN 

124,101.2727 

7,428.5174 

11 

HOUSE 

2.6836 

0.17569 

11 

BUILD 

230.5727 

112.600 

11 

PCAP 

122.4818 

20.91 

11 

WUSE: 
TEMP: 
RAIN: 
MDEF : 
POPN: 
CONN: 
HOUSE: 
BUILD: 
PCAP: 


municipal  water  use  (mg/year) 

average  temperature  (monthly)  (°F) 

average  maximum  rainfall  per  month  (inches/month) 

moisture  deficit,  average  monthly  value  (inches/month) 

average  annual  population  of  the  service  area 

average  number  of  connections 

average  number  of  residents  per  dwelling  unit  (persons/unit) 
average  annual  value  of  building  permits  ($1,000,000) 
per  capita  water  use  (gpcd) 
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Table  VI-13.  Correlation  Matrix 


WUSE 

POPN 

Annual 

CONN 

Variables 

HOUSE 

BUILD 

PCAP 

WUSE 

1.0 

0.97805 

0.96418 

-0.92466 

0.84300 

0.99966 

POPN 

0.97805 

1.0 

0.99488 

-0.98135 

0.81666 

0.97377 

CONN 

0.96418 

0.99488 

1.0 

-0.98486 

0.80843 

0.95843 

HOUSE 

-0.92466 

-0.98135 

-0.98486 

1.0 

-0.77699 

-0.98138 

BUILD 

0.84300 

0.81666 

0.80843 

-0.77699 

1.0 

0.83988 

PCAP 

0.99966 

0.97377 

0.95843 

-0.91838 

0.83988 

1.0 

WUSE* 

Monthly  Variables 

TEMP  RAIN 

MDEF 

WUSE* 

1.0 

0.48933 

-0.24896 

0.56768 

TEMP 

0.48933 

1.0 

0.2791 

0.8166 

RAIN 

-0.14896 

0.2791 

1.0 

-0.2025 

MDEF 

0.56768 

0.8166 

-0.2025 

1.0 

* 

WUSE  =  Fraction  of  monthly  water  use  to  annual  water  use. 
Other  variables  as  defined  on  Table  VI-12. 


may  reduce  the  validity  of  the  model.  In  addition,  the  measurement  basis 
problem  affects  the  ability  of  the  independent  variables  to  explain  varia¬ 
tions  in  the  dependent  variable  (when  the  period  of  measurement  differs). 

The  multicol linearity  problem  and  the  measurement  basis  problem  prevent 
the  development  of  the  model  originally  intended.  Multicol 1 inearity  prevents 
the  inclusion  of  two  or  more  highly  correlated  explanatory  variables  within 
a  single  equation  and  the  measurement  problem  prevents  the  combination  of 
monthly  weather  variables  with  annual  demographic  variables  in  the  same  model. 
Also,  household  size  is  excluded  from  further  consideration  due  to  the  ab¬ 
sence  of  credible  local  forecasts  needed  for  its  use  in  a  forecasting  model. 
Population  per  connection,  a  surrogate  for  household  size,  remains  implicitly 
included  in  the  form  of  variables  POPN  and  CONN.  With  respect  to  building 
permit  value,  local  experience  indicates  that  construction  activity  is 
highly  sensitive  to  national  fluctuations  in  economic  growth  and  interest 
rates.  Past  forecasts  of  the  expected  level  of  construction  activity  have 
been  notably  inaccurate. 

As  a  result,  two  abbreviated  models  are  tested,  where  municipal  water 
use  is  expressed  in  alternative  forms,  each  incorporating  a  single  explana¬ 
tory  variable:  the  population  of  the  service  area  and  the  number  of  connec¬ 
tions.  Bivariate  regression  equations  are  derived,  based  on  historic  data 
for  the  period  1970-80  (all  variables  are  measured  on  an  annual  basis).  The 
analysis  yields  the  following  results: 

WUSE  =  -100,430.05  +  0.307665  POPN  (VI-4) 

R2  =  0.95659 

WUSE  =  -37,927.27  +  0.44403  CONN  (VI-5) 

R2  =  0.92964. 

In  addition,  summer  variations  in  water  use  are  represented  by  a  regres¬ 
sion  equation  where  water  use  in  the  summer  months  is  expressed  as  a  function 
of  moisture  deficit.  Moisture  deficit  was  selected  as  the  variab.v  to  ex¬ 
plain  the  effect  of  climate  on  water  use  as  it  is  correlated  most  highly  with 
the  dependent  variable  (Table  VI-13).  A  bivariate  regression  was  performed 
for  both  summer  and  winter  months: 

Y§  =  0.04634  +  0.00218  MDEFS  (VI-6) 

R2  =  0.756 

Where:  MDEFs  =  moisture  deficit  for  summer  months 

Ys  =  fraction  of  monthly  water  use  to  annual  water  use 
for  all  summer  months. 

Yns  =  0.04297  +  0.00026  MDEFW  (VI-7) 

R2  =  0.00725 

Where:  MDEFjy  =  moisture  deficit  for  winter  months 

Yns  =  fraction  of  monthly  water  use  to  annual  water  use 
for  all  winter  months. 
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The  R2  value  for  the  summer  equation  is  very  high,  indicating  that  much 
of  the  variation  in  summer  water  use  is  explained  by  moisture  deficit.  In 
contrast,  the  R2  value  for  winter  water  use  is  very  low.  This  follows  a 
priori  expectations  that  winter  water  use  is  not  affected  by  weather  variables 
and  does  in  fact  represent  indoor  or  household  demand. 

Based  on  these  results,  further  investigation  explored  the  relationship 
of  seasonal  water  use  (from  Table  VI-8)  to  summer  season  moisture  deficit. 

The  final  specification  of  the  model  incorporates  seasonal  and  non-seasonal 
use  into  the  forecast  utilizing  data  presented  in  Table  VI-14.  Seasonal 
municipal  water  use  was  regressed  on  moisture  deficit  for  the  summer  months 
which  yields  the  following  result: 

FSEA  =  0.096006  +  0.0014432  MDEFS  (VI-8) 

R2  =  0.121417 

Where:  FSEA  =  fraction  of  total  municipal  water  use  which  is  seasonal. 

The  bivariate  regressions  for  non-seasonal  water  use  yield  the  following 
results: 


QN  =  -92,021.396  +  0.28039  POPN  (VI-9) 

R2  =  0.95414 

QN  =  -35,339.987  +  0.406924  CONN  (VI-10) 

R2  =  0.93765. 


Industrial  Water  Use:  Industrial  use  is  represented  by  the  following 
equation,  based  on  data  from  1970-1980  (Tables  VI-6  and  VI-11) : 

IWUSE  =  5606.206  +  0.16448  EMPLT  (VI -11) 

R2  =  0.987 

Where:  IWUSE  =  industrial  water  use  (mg/year) 

EMPLT  =  industrial  employment. 


FORECAST 


Future  water  use  for  the  study  area  is  forecast  by  use  of  equations  VI-9 
and  VI-10  (alternative  models  for  non-seasonal  municipal  use),  VI-8  (for 
fraction  seasonal  municipal  use),  and  VI-11  (for  industrial  use).  These 
models  require  projections  of  future  population,  number  of  connections,  sum¬ 
mer  season  moisture  deficits,  and  industrial  employment.  Other  candidate 
variables  were  deleted  in  the  course  of  model  development.  Population  and 
number  of  connections  are  alternative  explanatory  variables  because  they  are 
so  highly  correlated  with  each  other  as  to  make  inclusion  in  the  same  model 
virtually  meaningless. 

Projections  of  number  of  connections  and  population  are  shown  as  Table 
VI-15.  Number  of  connections  was  projected  on  the  basis  of  1970-1980  trends. 


Table  Vl-14. 

Seasonal  Water  Use 

Variables,  1970-1980 

Total 
Municipal 
Water  Use* 

Seasonal 
Water  Use2 

FSEA3 

MDEF  4 S 

s 

1970 

13,280.7 

1,769.0 

0.13320 

16.74 

1971 

13,320.7 

1,601.5 

0.12023 

16.24 

1972 

14,154.9 

1,833.8 

0.12955 

15.63 

1973 

14,410.0 

1,547.2 

0.10737 

6.05 

1974 

15,680.3 

1,782.1 

0.11365 

9.31 

1975 

16,584.0 

2,199.5 

0.13263 

15.74 

1976 

17,480.2 

1,694.4 

0.09693 

15.69 

1977 

18,787.8 

2,187.8 

0.11645 

17.51 

1978 

20,643.8 

3,170.7 

0.15359 

20.85 

1979 

21,877.6 

2,038.4 

0.09317 

15.19 

1980 

22,726.6 

2,364.5 

0.10404 

20.63 

MEAN 

0.118256 

15.41636 

STANDARD  DEVIATION 

0.17997 

4.34526 

1Column 

4,  Table  VI-6. 

2Column 

1,  Table  VI-8. 

fraction  of  municipal 

water  use  which  is 

seasonal  (Col. 

2/Col. 1). 

4MDEF  a  Total  moisture  deficit  for  April  through  to  November  (inches/year) 

S  (Table  VI-5) 
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Table  VI-15.  Projected  Values  of  Explanatory  Variables, 

1985-2030 


Year 

Number 

of 

Connections 

Population 

Per 

Connection 

Service 

Area 

Population1 

1985 

146,652 

2.79 

409,159 

1990 

157,986 

2.67 

421,823 

1995 

170,195 

2.54 

432,295 

2000 

183,349 

2.43 

445,538 

2010 

212,784 

2.21 

470,253 

2020 

246,944 

2.01 

496,357 

2030 

286,589 

1.83 

524,458 

Population  is  estimated  as  the  number  of  connections  mul¬ 
tiplied  by  population  per  connection. 
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as  adjusted  for  expected  future  conditions.  Population  per  connection  also 
represents  an  extrapolation  of  1970-1980  trends.  The  product  of  the  two 
extrapolations  yields  a  population  projection,  which  was  judged  consistent 
with  existing  local  and  OBERS  forecasts  (available  only  for  larger  areas). 

Summer  season  moisture  deficit,  which  averaged  15.42  inches  per  year 
during  the  1970-1980  period,  is  projected  at  its  long-term  average  of  approxi¬ 
mately  10  inches  per  year.  This  provides  a  forecast  of  expected  seasonal 
water  use,  although  actual  levels  may  be  substantially  higher  or  lower,  ac¬ 
cording  to  weather  conditions. 

Since  most  industrial  employment  in  the  SMSA  occurs  within  the  study 
area,  OBERS  projections  are  used  to  develop  projected  industrial  employment 
(Table  VI-16). 

In  forecasting  seasonal  water  use,  the  value  of  FSEA  (fraction  of  water 


use  which  is 

seasonal)  is  first  calculated. 

Using  MDEFS  =  10,  FSEA  is  equal 

to  0.110438 

(from  Equation  VI-8).  Since: 

Qs 

FSEA  ’  *  * 

(VI-12) 

Then: 

FSEA  *  Q 

vs  1  -  FSEA 

(VI-13) 

Or: 

Qs  =  0.124149  Qn 

(VI-14) 

Using  the  projected  values  given  on  Table  VI-15,  and  equations  VI-9, 
VI-10,  and  VI-14,  two  alternative  forecasts  of  municipal  water  use  are  pre¬ 
pared.  These  forecasts  are  shown  on  Table  VI-17.  Projections  of  industrial 
employment  shown  as  Table  VI-16  are  combined  with  equation  VI-11  to  give  the 
forecast  of  industrial  water  use  shown  on  Table  VI -18. 


Analysis  of  Results 


PROCEDURAL  PROBLEMS 


The  forecasting  procedure  used  in  this  study  was  complicated  by  unusu¬ 
ally  high  historic  growth  in  annual  water  use  (see  Table  VI-6).  Between  1970 
and  1980,  total  water  use  increased  at  an  average  annual  rate  of  5.6  percent. 
However,  the  growth  rate  accelerated  in  the  last  half  of  the  decade:  1970- 
1975  annual  average  growth  rate  is  4.5  percent  and  1975-1980  annual  average 
growth  rate  is  6.8  percent. 

In  addition,  the  annual  average  growth  in  water  use  exceeds  the  increases 
in  both  population  and  number  of  connections  (Tables  VI-9  and  VI-10).  The  re¬ 
sult  is  large  increases  in  per  capita  and  per  connection  water  use. 
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Table  VI-16.  Projected  Industrial  Employment  for  the  Service  Area1, 

1985-2030 


1985 

135,784 

1990 

153,436 

1995 

172,250 

2000 

184,123 

2010 

202,100 

2020 

216,513 

2030 

226,471 

xDerived  from  OBERS  projections,  1980.  Adjustments  made  to  reflect 
only  industries  located  in  the  service  area. 
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Table  VI-17.  Forecast  Municipal  Water  Use, 

1985-2030 


1)  Water  Use  As 

a  Function 

V 

of  Population 

Q  2 

Year 

mgd 

1985: 

22,702.7 

2,818.5 

25,521.2 

69.92 

1990: 

26,253.6 

3,259.4 

29,513.0 

80.86 

1995: 

29,189.8 

3,623.9 

32,813.7 

89.90 

2000  = 

32,903.0 

4,084.9 

36,987.9 

101.34 

2010- 

39,832.8 

4,945.2 

44,778.0 

122.68 

2020  = 

47,152.1 

5,853.9 

53,006.0 

145.22 

2030: 

55,031.4 

6,832.1 

61,863.5 

169.49 

xQn  =  92,021.396 

+  0.28039 

POPN 

2Qs  =  0.124149  Qn 


2)  Water  Use  As  a  Function  of  Connections 


V 

Q  4 
yS 

Year 

mgd 

1985: 

24,336.2 

3,021.3 

27,357.5 

74.95 

1990: 

28,948.3 

3,593.9 

32,542.2 

89.16 

1995: 

33,916.4 

4,210.7 

38,127.1 

104.5 

2000: 

39,269.1 

4,875.2 

44,144.3 

120.9 

2010: 

51,246.9 

6,362.3 

57,609.2 

157.8 

2020: 

65,147.5 

8,088.0 

73,235.5 

200.6 

2030: 

81,280.0 

10,090.8 

91,370.8 

250.3 

%  " 

-35,339.987  +  0.406924  CONN 

\  =  0.124149  Qn 
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Table  VI-18.  Projected 

Industrial  Water  Use 
1985-2030 

for  the  Study  Area, 

Industrial 

Water  Use 

Year 

Year 

mgd 

1985 

16,728 

45.83 

1990 

19,631 

53.78 

1995 

22,726 

62.26 

2000 

24,678 

67.61 

2010 

27,635 

75.71 

2020 

30,006 

82.21 

2030 

31,644 

86.70 
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The  historic  pattern  of  water  use  is  of  primary  importance,  as  the  fore 
casting  approach  selected  attempts  to  estimate  future  water  use  on  the  basis 
of  past  consumption  trends.  Very  high  historic  growth  rates  will  cause  verv 
high  forecast  values  for  water  use  when  time  Extrapolation  is  used.  In  this 
study,  it  is  considered  unrealistic  to  assume  that  the  extraordinarily  high 
growth  rates  in  1970-1980  will  continue  to  the  year  2030.  For  this  reason, 
the  projected  number  of  connections  is  extrapolated  at  a  lower  growth  rate 
than  the  annual  average  for  1970-1980.  It  was  decided  not  to  assume  that 
the  number  of  connections  would  increase  at  a  decreasing  rate  but  rather 
to  keep  the  annual  rate  of  increase  constant  over  the  planning  period.  This 
assumption  implies  continuing  growth,  although  at  a  lower  than  historic  level 
and  avoids  additional  judgments  unsupported  by  available  information.  In¬ 
dustrial  employment,  however,  is  assigned  a  curvilinear  trend,  based  on  OBERS 
projections. 

Investigations  were  made  to  ascertain  the  reasons  for  the  high  growth 
rates  observed  during  the  1970-1980  period.  Of  crucial  importance  is 
whether  or  not  the  large  increase  in  water  use  is  evidence  of  some  continuing 
process  or  reflects  a  temporary  abnormality.  Conversations  with  representa¬ 
tives  of  the  water  utility  and  government  planning  agencies  suggest  the  like¬ 
lihood  of  continuing  increases  in  the  future.  The  following  reasons  were 
given  for  the  unusually  high  rates  of  increase: 

-the  city  is  undergoing  economic  growth  especially  in  the  commercial 
sector  (the  city  has  the  highest  percentage  of  commercial  and  indus¬ 
trial  use  in  the  state) . 

-the  city  is  host  to  many  conventions  and  this  would  contribute  to 
higher  than  average  levels  of  water  use  not  reflected  in  the  population 
figures. 

-the  city  is  taking  on  more  of  a  regional  role  in  the  state  and  is  grow¬ 
ing  faster  as  an  employment  center  than  population  figures  suggest. 

Despite  these  indications  that  past  increases  in  water  use  for  the  city 
may  continue,  a  number  of  additional  factors  need  to  be  considered.  For 
example,  the  big  increase  in  per  capita  water  use  between  1977  and  1978  is 
not  fully  explained  by  increased  water  sales;  50-75  percent  of  the  increase 
is  attributed  to  unaccounted  water.  Also,  future  constraints  on  the  supply 
of  water  may  mean  that  water  intake  per  person  will  have  to  be  reduced  in 
the  late  1980's  unless  additional  sources  of  supply  are  found. 

Where  only  Level  2  data  are  available,  the  problem  remains  one  of  fore¬ 
casting  water  use  on  the  basis  of  historic  data  and  a  limited  set  of  explan¬ 
atory  variables,  covering  a  period  when  unusually  high  growth  rates  were  ex¬ 
perienced.  While  it  appears  unlikely  that  such  growth  rates  will  continue 
on  into  the  indefinite  future,  a  departure  from  simple  extrapolation  requires 
the  forecaster  to  make  subjective  judgments  about  the  expected  future  growth 
rate  of  explanatory  variables.  To  make  such  assumptions,  the  forecaster  must 
attempt  to  gain  a  deeper  understanding  of  the  urb.n  development  process, 
which  may  require  much  more  detailed  information  than  is  available  in  this 
study. 

The  most  difficult  problems  in  application  include  those  related  to  the 
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delineation  of  service  area  boundaries,  the  changing  service  area  population 
over  time,  and  the  projection  of  explanatory  variables.  The  service  area 
population  was  estimated  on  the  basis  of  available  information  and  explanatory 
variables  for  municipal  water  use  were  extrapolated  from  historical  data  in 
the  absence  of  good  quality  forecasts  from  planning  and/or  government  agencies. 

The  overall  objective  of  this  study  has  been  to  estimate  future  water 
use  for  a  medium-sized  city  on  the  basis  of  past  consumption  trends  and  a 
limited  set  of  possible  explanatory  variables.  The  basic  assumption  of  this 
approach  is  that  trends  experienced  in  the  past  will  continue  into  the  future. 
As  additional  information  is  obtained,  the  results  can  be  modified  to  account 
for  other  factors  which  may  be  found  to  influence  water  use. 


WITH-  VS.  WITHOUT-PROJECT  CONDITIONS 

The  forecast  described  here  is  not  intended  for  use  in  evaluating  feder¬ 
ally-planned  water  resource  projects.  No  "with-proj ect"  condition  exists, 
therefore.  The  results  presented  can  be  considered  a  "without-project" 
forecast. 

Had  a  federally-planned  project  been  under  consideration,  however,  the 
forecasting  method  chosen  provides  little  scope  for  investigating  project 
impacts  on  future  water  use.  The  explanatory  variables  most  likely  to  be 
affected  by  a  project,  such  as  price,  are  not  included  in  the  water  use 
models,  so  their  effect  cannot  be  described  in  quantitative  terms.  Subjec¬ 
tive  estimates  of  the  effect  of  the  project  on  the  development  and  growth  of 
the  community  might  result  in  revised  projections  of  population,  number  of 
connections,  or  industrial  employment,  but  such  revisions  are  not  likely  to 
be  reliable.  In  general,  project  planning  requires  the  use  of  forecasting 
methods  which  are  more  detailed  than  the  single  coefficient  methods  applied 
here. 

COMPARISON  WITH  OTHER  FORECASTS 

The  results  obtained  in  the  Level  2  study  are  summarized  on  Table  VI -IP, 
in  addition  to  the  results  of  three  previous  studies.  Study  1  was  conducted 
by  private  consultants  in  1982  and  refers  to  the  same  study  area  as  that  for 
the  Example  B  study.  Studies  2  and  3  were  conducted  by  a  local  government 
agency.  Study  2  being  undertaken  in  1978  and  Study  3  in  1981. 

For  the  Example  B  study,  water  use  expressed  as  a  function  of  population 
[number  of  connections  times  population  per  connection)  plus  a  seasonal  com¬ 
ponent  provides  a  lower  bound  forecast  of  municipal  water  use  liable  VI-19). 
The  result  is  considerably  below  the  Study  1  forecast  for  the  same  service 
area.  Study  1  utilized  a  per  capita  method  where  the  population  projection 
was  obtained  by  multiplying  a  connection  forecast  by  3.0  person  per  connec¬ 
tion.  The  per  capita  water  use  coefficient  was  extrapolated  from  historic 
values.  These  results  are  similar  to  or  less  than  the  upper  bound  levels 
of  municipal  water  use  forecast  in  the  Example  B  study,  where  water  use  is 


expressed  as  a  function  of  the  number  of  connections  and  a  seasonal  component 


Forecast  industrial  water  use  is  substantially  higher  for  the  Example  B 
study  than  for  Study  1.  This  is  apparently  due  to  differences  in  the  defi¬ 
nition  of  the  industrial  water  use  sector.  Industrial  water  use  for  Study  1 
comprises  water  use  by  the  22  largest  industrial  water  users  of  the  city. 
These  i_rms,  however,  have  represented  only  68  percent  of  total  industrial 
water  use  in  recent  years.  The  study  described  in  this  report  considers 
total  industrial  water  use  for  the  study  area. 


Studies  2  and  3  predict  water  use  for  the  urban  area,  a  region  which 
roughly  approximates  the  SMSA.  Municipal  water  use  forecasts  were  made  by 
multiplying  projected  per  capita  municipal  water  use  by  the  projected  popu¬ 
lation  of  the  urban  area.  In  Study  2,  the  municipal  projections  made 
through  the  year  2000  closely  approximate  those  made  by  Study  1  and  the 
upper  bound  for  Example  B,  even  though  Study  2  addressed  a  much  larger  area. 
After  year  2000,  the  Study  2  projections  fall  below  those  of  the  other 
studies,  as  per  capita  water  use  is  assumed  constant  at  173  gpcd.  Overall, 
there  is  a  large  discrepancy  between  the  results  of  Study  2  and  the  other 
studies.  This  can  be  seen  by  recalling  that  the  Example  B  study  area  should 
account  for  only  about  70  percent  of  water  use  in  the  urban  area.  One  major 
reason  for  this  discrepancy  is  that  the  projections  made  of  urban  area  popu¬ 
lation  for  Study  2  underestimated  actual  growth  rates.  For  example,  the 
population  projections  made  for  1985  were  exceeded  by  1980. 


As  a  result,  a  revised  forecast  for  urban  water  use  was  made  in  1981 
(Study  3).  The  assumptions  made  in  1978  were  modified  to  accommodate  higher 
projected  growth  rates.  These  results  are  still  substantially  below  results 
of  other  studies.  This  is  due  to  the  use  of  projected  per  capita  use  rates 
based  on  a  state-wide  average,  well  below  the  experience  of  the  study  area. 


The  industrial  water  use  forecast  in  Study  2  closely  approximates  the 
results  of  Study  1.  Industrial  water  use  was  calculated  by  applying  water 
use  per  employee  data  to  industrial  employment  estimates  for  the  urban  area. 
The  water  use  per  employee  coefficients  were  also  combined  with  projected 
changes  in  recirculation  rates  and  projected  changes  in  employee  productivity 
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VII.  EXAMPLE  C  -  LEVEL  3  DATA 


STUDY  AREA 

Example  C  is  a  water  use  forecast  for  a  medium-sized  port  city  in  a 
mid-Atlantic  state.  The  city  comprises  the  core  of  a  metropolitan  area 
which  includes  several  additional  urban  centers.  The  SMSA  is  characterized 
by  major  port-related  and  military  activities,  as  well  as  heavy  industry  and 
tourism.  The  climate  is  warm  temperate  with  hot,  humid  summers  and  mild 
winters.  The  city,  which  includes  approximately  one-third  of  the  SMSA  pop¬ 
ulation,  is  served  by  a  municipally-owned  water  utility.  The  utility  main¬ 
tains  its  own  water  sources,  and  supplies  some  water  through  bulk  meters 
to  areas  outside  the  city  limits.  No  retail  customers  are  located  outside 
the  city. 

The  study  area  is  defined  by  the  corporate  limits  of  the  city,  corres¬ 
ponding  to  the  retail  service  area  of  the  water  utility.  The  study  area 
consists,  therefore,  of  a  mature,  port-oriented  urban  area  with  a  substan¬ 
tial  military  population.  Only  limited  tracts  of  undeveloped  land  are  avail 
able  within  the  study  area,  so  that  significant  future  population  growth  can 
only  occur  at  higher  densities  than  at  present. 

In  1975,  approximately  30  percent  of  the  land  area  of  the  city  was  in 
residential  use,  of  which  more  than  70  percent  was  classified  as  low  density 
Commercial  and  institutional  (including  military)  use  occupied  25  percent  of 
available  land  while  industrial  and  public  uses  covered  22  percent.  Nearly 
9  percent  of  the  land  within  the  city  was  vacant  and  the  remainder  was  occu¬ 
pied  by  lakes  and  other  water  surfaces.  Agriculture  accounted  for  a  neglig¬ 
ible  fraction.  By  the  year  2000,  residential  land  use  is  expected  to  in¬ 
crease  slightly  as  the  result  of  a  small  decrease  in  high  density  use  and 
a  more  than  offsetting  increase  in  low  density  use.  Small  expansions  are 
also  projected  for  the  commercial  and  industrial  sectors.  The  total  area 
of  40,528.8  acres  is  not  expected  to  change  during  this  period  (Table  V 1 1  - 1 ) 


FORECAST  REQUIREMENTS 

The  forecast  described  here  is  performed  as  part  of  an  overall  assess¬ 
ment  of  the  adequacy  of  existing  water  sources  in  the  region.  In  order  to 
be  consistent  with  forecasts  being  prepared  for  other  water  utility  service 
areas  in  the  SMSA,  the  base  year  is  1975,  and  forecasts  are  required  at  ten 
year  intervals  through  the  year  2030.  Only  average  day  water  use  is  re¬ 
quired,  as  facility  design  is  not  contemplated. 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS  1963  A 
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TABLE  VI I- 1.  Study  Area  Land  Use  Projections, 
_ 1970-2000  (acres) _ 


1970 

1975 

1980 

1990 

2000 

Low  Density  Residential 

8,468 

8,572 

8,676 

8,713 

8,726 

High  Density  Residential 

3,505 

3,499 

3,433 

3,466 

3,470 

Commercial/Institutional 

10,316 

10,551 

10,786 

10,929 

11,102 

Industry/Streets 

8,760 

8,791 

8,823 

8,848 

8,870 

Agriculture 

9 

10 

7 

7 

6 

Water 

5,567 

5,567 

5,567 

5,567 

5,567 

Vacant 

3,905 

3,539 

3,263 

3,000 

2,789 

Total 

40,529 

40,529 

40,529 

40,529 

40,529 

VII -3 


The  subsequent  planning  process,  in  addition  to  reviewing  supply  ade¬ 
quacy,  will  address  questions  regarding  inter- jurisdictional  transfers  of 
water  and  water  conservation  programs.  Because  of  the  possibility  of  inter- 
jurisdictional  transfers,  each  water  utility  service  area  is  separately 
forecast,  as  in  this  example.  Because  water  conservation  measures  may  be 
later  evaluated,  each  forecast  should  be  disaggregated  by  user  sector. 


CHOICE  OF  FORECASTING  METHOD 


Both  the  planning  context  (later  evaluation  of  water  conservation)  and 
the  characteristics  of  the  study  area  (large  non-residential  sectors,  limited 
residential  growth)  suggest  the  use  of  a  sectoral ly  disaggregate  forecasting 
method.  Preliminary  assessment  of  data  availability,  however,  indicates 
that  no  sectorally  disaggregate  water  use  data  are  available,  and  that 
limited  data  on  explanatory  variables  can  be  readily  obtained. 

Accordingly,  small  samples  were  drawn  from  each  major  water  use  sector 
(see  Section  IV),  and  billing  record  analyses  and  telephone  interviews  were 
conducted  to  obtain  water  use  and  explanatory  variable  data.  The  results 
of  this  survey  were  augmented  by  other  data  available  from  public  sources 
to  obtain  a  data  base  sufficient  for  a  disaggregate  multi-variate  forecast¬ 
ing  approach,  with  coefficients  based  on  cross-sectional  analysis  within 
the  study  area.  Investigation  of  relationships  among  the  data,  however, 
ultimately  led  to  the  adoption  of  unit  use  coefficient  models  for  each  of 
six  user  sectors. 


Data  Collection 


DEMOGRAPHIC  AND  HOUSING  DATA 


Although  this  example  relies  on  cross  sectional  data  for  estimating 
water  use  model  coefficients,  some  time  series  data  are  available  for  exam¬ 
ination  as  background  material  and  for  setting  the  forecast  in  context. 
Population  is  an  example  of  such  data,  and  its  historical  development  in 
the  study  area  can  be  summarized  as  having  increased  from  less  than  10,000 
in  the  early  1800's  to  a  maximum  of  approximately  310,000  in  the  1960's  or 
1970's  (see  Table  VII-2).  Although  there  is  some  ambiguity  regarding  the 
treatment  of  military  personnel  in  recent  census  counts,  the  1980  popula¬ 
tion  shows  a  significant  decline  from  that  of  1970. 

It  is  a  reasonable  hypothesis  that  the  population  of  a  mature  city 
within  a  larger  urban  area  would  display  signs  of  stabilization  or  even  loss 
to  the  surrounding  area  as  regional  growth  continues.  Population  data  for 
several  other  older  central  cities  on  the  East  Coast  exhibit  a  similar  de¬ 
cline  in  numbers  during  the  past  decade  as  shown  on  Table  VI I -3.  Another 
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TABLE 

VI 1-2 . 

Study  Area  Population, 

1790-1980 

Year 

Population 

Year 

Population 

Year 

1790 

2,959 

1860 

14,620 

1930 

6,926 

1870 

19,229 

1940 

1810 

9,193 

1880 

21,966 

1950 

1820 

8,478 

1890 

34,871 

1960 

1830 

9,814 

46,624 

1970 

1840 

10,920 

1910 

67,452 

1980 

1850 

14,320 

1920 

115,770 

Population 

129,710 

144,332 

213,513 

304,869 

307,951 

266,979 


Source:  U.  S.  Census  of  Population 
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Table  VII-3.  Centra-  City  Population  Change,  1960-1980 


1960 

population 

% 

increase 

1970 

population 

% 

increase 

1980 

population 

Study  Area 

305,000 

+1.0 

308,000 

-13.4 

267,000 

City  A 

764,000 

-1.0 

757,000 

-15.6 

638,000 

City  B 

939,000 

-3.5 

905,000 

-13.1 

787,000 

City  C 

2,003,000 

-2.6 

1,950,000 

-13.4 

1,688,000 

City  D 

7,782,000 

+1.5 

7,896,000 

-11.5 

7,072,000 

City  E 

697,000 

-8.1 

641,000 

-12.2 

563,000 

Source:  U.  S.  Census  Reports 


important  influence  on  population  growth  in  the  past  appears  to  have  been 
military  activity,  which  supports  a  substantial  fraction  of  employment  and 
commercial  activity  in  the  city.  Relatively  large  additions  were  made  to 
the  population  in  the  period  1910-1920  and  1940-1960.  These  apparent  under¬ 
lying  phenomena  would  argue  against  the  use  of  time  series  extrapolation  for 
projecting  population  figures. 

No  existing  independent  forecast  of  population  accounts  for  the  abrupt 
change  in  trend  indicated  by  the  1980  census.  Therefore,  as  a  prerequisite 
to  the  water  use  forecast,  a  projection  of  population  must  be  derived. 

Based  on  the  experience  of  other  East  Coast  cities  in  similar  circumstances, 
population  for  the  study  area  is  projected  to  decrease  in  each  future  decade 
at  a  rate  equal  to  one-half  the  percentage  decrease  of  the  previous  decade. 
This  assumption  has  the  effect  of  continuing  the  recently  observed  decline 
for  a  time  while  population  stabilizes  in  the  longer  term.  In  the  absence 
of  a  detailed  explanation  of  the  recent  decrease,  this  type  of  forecast  is 
thought  to  be  more  applicable  for  the  type  of  area  under  consideration  than 
more  complex  techniques;  it  is  certainly  more  applicable  than  existing  fore¬ 
casts,  which  show  continued  growth.  The  resulting  population  projections 
are  given  in  Table  VII-4  and  plotted  in  Figure  V I 1 - 1 . 

Data  relevant  to  calculating  average  household  size  are  readily  avail¬ 
able  back  to  1930,  when  the  average  was  4.78  persons  per  household  (pphh) . 
Since  then  average  household  size  has  decreased  monotonical ly  to  approxi¬ 
mately  2.8  pphh  in  1980.  Historic  data  and  projections  for  the  future  are 
given  in  Table  VII-4  and  plotted  in  Figure  VII-2.  As  with  the  population 
projection,  a  stabilizing  trend  is  assumed  and  is  derived  by  reducing  the 
difference  in  household  size  between  successive  decades  until  it  is  constant 
after  the  year  2010. 

For  the  purposes  of  this  forecast,  the  residential  sector  is  divided 
into  single  family  residences  (SFR's)  and  multifamily  residences  (MFR's). 

U.  S.  Census  of  Housing  figures  show  an  increase  in  the  number  of  dwelling 
units  over  the  last  four  decades,  with  the  largest  increase  during  the 
1950's.  The  proportion  of  SFR's  grew  from  43  percent  in  1940  to  approxi¬ 
mately  50  percent  in  1960  and  appears  to  have  stabilized  or  declined  slightly 
since  then. 

Given  the  projection  of  overall  average  household  size  and  population 
in  private  households,  the  number  of  dwelling  units  and  resident  population 
in  both  SFR's  and  MFR's  are  derived  for  use  in  the  residential  forecasting 
model.  These  data  are  developed  in  such  a  way  that,  for  each  decade,  they 
are  internally  consistent  while  at  the  same  time  conforming  to  the  pre¬ 
viously  discussed  projections  of  average  household  size  and  residential 
population  (Table  VII-4). 


WATER  USE  DATA 
Residential 

Consistent  with  the  housing  unit  projection,  the  residential  water  use 


Table  VII-4.  Study  Area  Civilian  Population  and  Household  Data 

1940-2030 
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SFR  =  Single  Family  Residence 
MFR  =  Multi-Family  Residence 
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Persons  Per  Household  (nphh) 
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category  is  divided  into  two  sub-sectors:  single  family  residences  (SFR) 
and  multifamily  residences  (MFR) .  A  sample  of  each  sub-sector  was  identi¬ 
fied,  and  various  information  collected  by  billing  record  analysis  and  tele¬ 
phone  interview.  The  information,  for  the  calendar  year  1975,  included: 
water  use,  household  size,  number  of  bathrooms,  assessed  value  of  residence 
and  lot  for  SFR's,  and  monthly  rent  and  number  of  apartments  per  meter  for 
MFR's.  The  data  obtained  are  summarized  and  analyzed  in  the  discussion  of 
forecast  models,  below. 


Commercial /Indus trial 


During  the  1975  base  year,  21  percent  of  total  water  consumption  is 
attributed  to  commercial  and  industrial  users.  A  sample  of  both  large  and 
small  firms  provides  the  information  on  which  to  base  the  data,  and  two  sub¬ 
sectors  are  defined.  Meter  records  for  all  firms  using  more  than  50,000 
gallons  per  day  (gpd)  were  examined  and  totaled.  Manufacturing  firms  (one¬ 
digit  2  and  3)  were  separated  from  the  rest  and  treated  as  a  distinct  sub¬ 
sector  (industries  with  large  process  water  requirements) .  Together,  these 
firms  accounted  for  1.18  mgd  in  the  base  year  (Table  VII-5). 

The  other  commercial/industrial  subsector  is  composed  of  the  remaining 
manufacturing  firms  (using  less  than  50,000  gpd)  and  all  other  non-residential 
(except  military)  users.  The  consumption  attributed  to  this  broader  subsector 
is  7.76  mgd  in  the  base  year. 

Water  use  in  both  subsectors  is  projected  to  change  proportionate  to 
changes  in  future  employment  within  the  example  city.  A  forecast  of  future 
employment  levels  disaggregated  by  SIC  was  provided  by  a  regional  planning 
agency  and  is  summarized  in  Table  VII-6. 

The  institutional  sector  usually  includes  hospitals  and  schools  as  well 
as  military  establishments.  However,  because  military  usage  so  heavily  dom¬ 
inates  the  sector  in  this  example,  all  other  institutional  water  use  is  in¬ 
cluded  in  the  remainder  commercial/industrial  subsector. 

No  detailed  metering  information  is  available  for  water  use  on  military 
bases,  therefore  any  disaggregation  is  hypothetical.  For  the  purposes  cf 
this  forecast,  it  is  assumed  that  residents  of  the  military  base  use  water 
at  a  rate  comparable  to  that  of  residents  of  civilian  multi-family  units. 

This  equivalence  is  made  plausible  by  the  fact  that  neither  residential  cate¬ 
gory  pays  directly  for  water  use:  in  one  case  it  may  be  included  in  rent  and 
in  the  other  it  can  be  considered  free.  The  remainder  of  consumption  is  at¬ 
tributed  to  employment -related  uses,  although  some  uses  are  obviously  recrea¬ 
tional  . 

For  the  1975  base  year,  the  following  disaggregation  of  military  water 
use  is  made: 

14,630  residents  @  68  gpcd  0.99  mgd 

76,100  employees  @  81  gped  6.19 

Total  7.18  mgd 
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Table  VII-5.  Manufacturing  Firms  (SIC  2  and  3) 
Using  More  Than  Approximately  50,000  GPU,  1975 

1975 

Water  Use 

Water  User  (gpd) 


Firm 

A 

430,860 

Firm 

B 

113,520 

Firm 

C 

63,750 

Firm 

D 

223,980 

Firm 

E 

48,850 

Firm 

F 

131,510 

Firm 

G 

64,130 

Firm 

H 

100,300 

Total  1,176,900 

1.18  mgd 


•mm 
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Table  VII-6.  Study  Area  Employment  Projections,  1975-2030 
_ (thousands) _ 


1975 

1980 

1990 

2000 

2010 

2020 

2030 

Total  Private 
Sector 

100.85 

105.20 

113.90 

122.18 

130.05 

137.51 

144.55 

Total  Manufac¬ 
turing 
(SIC  "2  5  3) 

14.75 

14.90 

15.20 

15.48 

15.75 

16.01 

16.25 

Remainder 

86.10 

90.30 

98.70 

106.70 

114.30 

121.50 

128.30 

Source:  Regional  Planning  Agency 


Where:  gpcd  =  gallons  per  capita  per  day 

gped  =  gallons  per  employee  per  day 

According  to  military  sources,  the  residential  population  is  expected  to 
remain  constant  through  the  forecast  period,  and  employment  is  expected  to 
rise  to  103,200. 


Public  and  Unaccounted 


The  utility  has  indicated  its  commitment  to  a  program  of  meter  renewals 
and  leak  detection  that  is  expected  to  halve  the  rate  of  unaccounted  water 
use  by  the  year  1990.  This  program,  if  it  remains  active,  is  estimated  to 
reduce  the  unaccounted  water  from  24.5  percent  (10.6  mgd)  in  1975  to  12.3 
percent  in  1990  and  beyond. 


OTHER  INFORMATION 


Conservation  Measures 


In  addition  to  reductions  in  unaccounted  water  usage,  a  plumbing  code 
has  been  adopted  which  limits  the  flow  of  residential  showers  and  faucets  to 
no  more  than  3  gallons  per  minute  (gpm) .  The  implementation  of  this  code  is 
expected  to  bring  about  an  eventual  reduction  of  9  gpcd  for  all  private  resi¬ 
dential  consumers.  National  housing  data  indicate  that  dwelling  units  are 
replaced  at  intervals  of  approximately  50  and  75  years,  and  it  is  assumed 
that  plumbing  fixtures  are  replaced  through  remodelling  at  intervals  of  less 
than  50  years.  Thus,  for  the  purposes  of  this  example,  it  is  assumed  that 
all  private  residents  will  be  using  approved  fixtures  within  50  years  of  the 
1975  base  year.  This  is  accomplished  in  the  forecast  by  an  increase  of  10 
percent  of  the  housing  stock  having  new  fixtures  for  each  successive  five 
years  to  2025. 


Water  Resources  and  Demands 


The  resources  upon  which  the  city  relies  for  its  supply  are  an  amalgam 
of  surface  reservoirs,  wells  and  river  intakes.  From  these  sources  the  city 
also  provides  partial  or  total  supplies  (under  contract)  to  a  separate  mili¬ 
tary  base  and  two  adjacent  communities,  not  included  in  the  study  area.  Both 
of  the  external  communities  are  pursuing  water  resource  developments  of  their 
own  which  will  reduce  their  reliance  on  the  city's  system.  The  total  safe 
yield  is  estimated  to  be  80  mgd,  and  the  total  capacity  of  the  city's  two 
water  treatment  plants  is  nominally  90  mgd. 

The  total  demands  during  the  period  1972  to  1975  ranged  from  60  mgd  to 
65  mgd,  of  which  the  city  used  44  mgd  to  46  mgd  or  approximately  70  percent. 
The  average  daily  demand  for  the  city  in  the  1975  base  year  was  43.29  mgd, 
which  on  the  basis  of  the  sample  survey  can  be  disaggregated  as  shown  in 
Table  VI 1-7.  No  seasonal  or  year  to  year  comparisons  of  sectoral  water  use 


Sector 


Table  VI1-7.  Disaggregate  Water  Use,  1975 _ 

Source  of  Data 


Residential 

Single  Family 
Multi  Family 
Manufacturing  Industry 
>  50,000  gpd 
Commercial  and 
Other  Industry 
Military 
Unaccounted 


10.40  mgd 

6.17 

1.18 


7.76 

7.18 


Adjusted  sample  information 
Adjusted  sample  information 

Adjusted  sample  information 

Residual 
Utility  records 
Utility  records 
Utility  records 


Total  Demand 


43.29  mgd 


can  be  made  when  the  data  consist  of  a  base  year  cross  sectional  sample  as 
in  this  example.  Thus,  there  is  no  clear  way  of  knowing  the  effect  of  changes 
in  weather  and  economic  conditions. 


Water  Supply  System 

As  previously  stated,  two  treatment  works  supply  all  the  water  to  the 
study  area  plus  some  of  the  requirements  of  adjacent  communities.  No  water 
is  imported  into  the  study  area  from  other  systems,  and  all  water  must  be 
pumped  into  distribution  due  to  the  low  elevation  of  sources.  All  residents 
within  the  city  are  served  by  rhe  utility  and  all  customers  are  metered. 
Water  bills  are  rendered  on  a  quarterly  or  bi-monthly  staggered  cycle.  Sup¬ 
plies  are  provided  to  the  adjacent  communities  on  a  wholesale  basis  and  each 
has  its  own  billing  and  revenue  collection  arrangements.  That  water  which 
is  supplied  to  external  customers  is  metered  and  has  been  excluded  from 
this  analysis  which  considers  only  water  used  within  the  study  area. 


Water  Use  Forecast 


SECTORAL  FORECASTS 


Residential 


Analysis  of  the  data  obtained  in  the  sample  survey  was  carried  out  by 
the  use  of  least  squares  linear  regression  between  water  use  as  the  dependent 
variable  and  all  descriptive  variables  singly  and  in  combination.  The  best 
regressions  found  statistically  significant  at  the  5  percent  level  all  in¬ 
volve  no  more  than  one  independent  variable.  Among  those,  the  following  equa¬ 
tions  are  suitable  for  use  as  forecasting  models: 


Single  Family  Residences 


QRES  =  20.65  +  59.01  HHSIZE  (VI1-1) 

(9.60) 

R  =  0.49,  SEE  =  82.8 
Multi-Family  Residences 

QPC  =  140.20  -  34.50  HHSIZE  (VII-2) 

(12.22) 

R  =  0.30,  SEE  =  30.2 

Where:  QRES  =  consumption  per  residence,  gpd 
HHSIZE  =  persons  per  household 

QPC  =  consumption  per  capita,  gpcd 
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(  )  =  standard  error  of  coefficient 
T?2  =  fraction  explained  variance,  adjusted 
SEE  =  standard  error  of  estimate  of  the  regression 
These  results  can  be  adjusted  for  the  eventual  effect  of  new  plumbing  fixtures 
by  deducting  9.0  gpcd: 


Single  Family  Residences 

QRES  =  20.65  +  50.01  HHSIZE  (VII-3) 

Multi-Family  Residences 

QPC  =  131.20  -  34.50  11HSIZE  (VII-4) 

Application  of  these  equations  to  the  projected  data  discussed  in  the  previous 
section  provides  the  residential  water  use  forecast  given  in  Table  Vll-8. 


Commercial /Industrial 


Water  use  of  manufacturing  firms  in  SIC  Codes  2  and  3  requiring  more  than 
approximately  50,000  gpd  is  forecast  separately  from  smaller  manufacturers 
which  are  combined  with  all  other  commerce  and  industry.  The  results  of  fore¬ 
casts  for  both  subsectors  are  based  upon  th?  historic  and  projected  data  dis¬ 
cussed  in  the  last  section  (Table  VI 1-6)  and  are  presented  in  Table  VI 1-9. 
Water  use  is  projected  to  change  proportionately  with  corresponding  subsector 
emp 1 oyment . 


Institutional  (Military) 


The  forecast  is  based  on  projections  of  two  descriptive  variables  pro¬ 
vided  by  military  sources:  resident  military  personnel  (including  dependents) 
and  military  employment.  The  per  capita  residential  water  use  is  assumed  to 
be  equivalent  to  that  of  the  MFR  sub-sector  and  the  remainder  of  consumption 
is  derived  by  assuming  unit  use  remains  constant  at  base  year  levels  through¬ 
out  the  forecast  period.  The  results  for  the  sector  are  given  in  Table  V 1 1  - 1 0 . 


Public  and  Unaccounted 


The  forecast  of  public  and  unaccounted  water  use  is  based  on  the  inten¬ 
tions  of  the  utility  to  reduce  the  1975  rate  of  unaccounted  water  by  one-half 
before  1990.  This  strategy  produces  the  following  percentages  of  unaccounted 
water  during  the  forecast  period: 

Year:  1975  1980  1990-2030 

Percent  Unaccounted:  24. 5^  20.4^  l2.3"o 


I 
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Table  VI 1-8.  Residential  Water  Use  Forecast,  1975-2030 


1975 

1980 

1990 

2000 

2010 

2020 

2030 

Total  Private  HH 
Population 

251,620 

244,850 

226,870 

218,870 

214,870 

212,870 

211,870 

Single  Family 
Population 

160,564 

155,850 

144,400 

139,310 

136,760 

135,490 

134,850 

Households 

44,640 

44,100 

42,200 

41,500 

41,200 

40,800 

40,600 

Household  Size 

3.60 

3.53 

3.42 

3.36 

3.32 

3.32 

3.32 

HH's  Old  Fixtures 

44,640 

39,690 

29,540 

20,750 

12,360 

4,080 

-0- 

Water  Use  (mgd) 

10.40 

9.09 

6.57 

4.54 

2.68 

0.88 

-0- 

HH's  New  Fixtures 

-0- 

4,410 

12,660 

20,750 

28,840 

36,720 

40,600 

Water  Use  (mgd) 

-0- 

0.87 

2.43 

3.92 

5.38 

6.86 

7.58 

Total  SFR  Use  (mgd) 

10.40 

9.96 

9.00 

8.46 

8.06 

7.74 

7.58 

Multi-Family 

Population 

91,060 

89,000 

82,470 

79,560 

78,110 

77,380 

77,020 

Households 

43,360 

43,000 

41,200 

40,500 

40,200 

39,800 

39,700 

Household  Size 

2.10 

2.07 

2.00 

1.96 

1.94 

1.94 

1.94 

HH's  Old  Fixtures 

43,360 

38,700 

28,840 

20,250 

12,060 

3,980 

-0- 

Population  Old 
Fixtures 

91,060 

80,109 

57,730 

39,780 

23,430 

7,740 

-0- 

Water  Use  (mgd) 

6.17 

5.51 

4.11 

2.89 

1.72 

0.57 

-0- 

HH's  New  Fixtures 

-0- 

4,300 

12,360 

20,250 

28,140 

35,820 

39,700 

Population  New 
Fixtures 

-0- 

8,900 

24,740 

39,780 

54,680 

69,640 

77,020 

Water  Use  (mgd) 

-0- 

0.53 

1.54 

2.53 

3.51 

4.48 

4.95 

Total  MFR  Use  (mgd) 

6.17 

6.04 

5.65 

5.42 

5.23 

5.05 

4.95 

Residential  Use 

16.57 

16.00 

14.65 

13.88 

13.29 

12.79 

12.53 

(mgd) 
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Table  VII-9.  Commercial/ Industrial  Water  Use  Forecast, 

1975-2030 


1975 

1980 

1990 

2000 

2010 

2020 

2030 

Manufacturing 

Employment, 

(1,000) 

14.75 

14.90 

15.20 

15.48 

15.75 

16.01 

16.25 

Ratio  to 

Base  Year 

1.00 

1.01 

1.03 

1.05 

1.07 

1.09 

1.10 

Water  Use, 
mgd 

Remainder 

1.18 

1.19 

1.22 

1.24 

1.26 

1.28 

1.30 

Employment, 

(1,000) 

86.1 

90.3 

98.7 

106.7 

114.3 

121.5 

128.3 

Ratio  to 

Base  Year 

1.00 

1.05 

1.15 

1.24 

1.33 

1.41 

1.49 

Water  Use, 
mgd 

7.76 

8.14 

8.90 

9.62 

10.30 

10.05 

11.56 

Where:  Water  Use  =  Ratio  x  1975  water  use. 

Remainder  Employment  =  All  non-manufacturing  employment  except  military. 
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Table  VII 

-10.  Military  Water  Use 

Forecast , 

1975-2030 

197S 

1980 

1990 

2000 

2010 

2020 

2030 

Military  Population 

14,630 

14,630 

14,630 

14,630 

14,630 

14,630 

14,630 

Unit  Water  Use  (gpcd) 

68 

68 

68 

68 

67 

65 

64 

Residential  Water  Use 
(mgd) 

0.99 

0.99 

0.99 

0.99 

0.98 

0.95 

0.94 

Military  Employment 

76,100 

85,300 

93,700 

96,000 

98,400 

100,800 

103,200 

Unit  Water  Use  (gped) 

81 

81 

81 

81 

81 

81 

81 

Other  Water  Use  (mgd) 

6.19 

6.91 

7.59 

7.78 

7.97 

8.16 

8.36 

Total  Water  Use  (mgd) 

7.18 

7.90 

8.58 

8.77 

8.95 

9.11 

9.30 

COMBINED  FORECAST 


The  combined  forecast  for  the  study  area  is  presented  in  Table  VI I- 11 
and  represents  the  total  aggregated  results  of  each  of  the  separately  pro¬ 
jected  sectors  for  each  of  the  chosen  intermediate  years. 


Analysis  of  Results 


PROCEDURAL  PROBLEMS 


When  a  forecast  is  based  on  cross-sectional  data,  it  is  generally  assumed 
that  functional  relationships  existing  among  variables  in  the  base  year  con¬ 
tinue  unchanged  throughout  the  period  of  the  forecast.  This  assumption  is 
relaxed  somewhat  in  this  example  where  conservation  measures  in  the  residen¬ 
tial  sector  explicitly  change  the  relationship  between  water  use  and  the 
relevant  independent  variables. 

Due  to  the  recent  release  of  1980  census  data  which  show  a  marked  depar¬ 
ture  from  past  trends  in  population  growth,  the  available  independent  projec¬ 
tion  of  population  for  the  study  area  did  not  appear  to  be  appropriate.  The 
latest  OBERS  projections  of  population  and  economic  conditions  pre-dated  the 
results  of  the  1980  census  and  were  available  only  for  the  relatively  large 
SMSA.  Consequently,  the  projection  used  in  the  forecast  may  be  somewhat  ar¬ 
bitrary  in  its  attempt  to  account  for  the  shifting  trend  over  the  forecast 
period.  However,  the  declining  trend  in  household  size  has  been  consistent 
over  recent  decades,  and  the  pattern  of  its  extension  is  less  arbitrary. 

Although  the  information  derived  from  sampling  in  the  residential  and 
commercial/industrial  sectors  did  not  produce  significant  multi-variate  re¬ 
gressions  as  initially  anticipated,  the  single  function  relationships  that 
were  derived  are  consistent  with  those  established  in  more  detailed  studies. 

The  accurate  forecast  of  military  consumption  is  made  difficult  by  the 
absence  of  any  useful  sectoral  data,  and  by  an  arbitrary  but  official  projec¬ 
tion  of  constant  residential  population. 

The  estimate  of  public  and  unaccounted  water  use  is  based  on  the  accumu¬ 
lated  inaccuracies  of  many  meters  and  the  combined  effects  of  countless  un¬ 
detected  leaks.  Thus,  the  forecast  of  decreasing  unaccounted  use  may  be 
influenced  more  by  good  intentions  than  practical  realities. 

Specific  difficulties  in  producing  the  forecast  fell  into  three  cate¬ 
gories.  The  first  includes  difficulties  in  obtaining  a  good  sample  of  water 
use  and  descriptive  data  on  which  to  base  functional  relationships.  Water 
use  data  were  readily  available  but  the  results  of  sampling  for  the  other 
variables  produced  only  the  simplest  relationships.  Second,  good  projections 
of  the  relevant  descriptive  variables  were  not  always  available.  Those  for 
population  did  not  appear  to  account  for  the  reduction  between  1970-1980. 
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Table 

VII-11. 

Combined  Foreca 

st.  1975 

-2030 

Qngd) 

1975 

1980 

1990 

2000 

2010 

2020 

2030 

Single  Family 

10.40 

9.96 

9.00 

8.46 

8.06 

7.74 

7.58 

Multi  Family 

6.17 

6.04 

5.65 

5.42 

5.23 

5.05 

4.95 

Manuf.  Ind. 

1.18 

1.19 

1.22 

1.24 

1.26 

1.28 

1.30 

Remainder  Ind. 

7.76 

8.14 

8.90 

9.62 

10.30 

10.95 

11.56 

Military 

7.18 

7.90 

8.58 

8.77 

8.95 

9.11 

9.30 

Unaccounted 

10.60 

8.52 

4.68 

4.70 

4.82 

4.79 

4.87 

Total 


43.79  41.75  38.03  38.21  39.16  38.92  39.56 


r 
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The  third  major  area  of  difficulty  was  in  producing  an  internally  consistent 
forecast,  especially  in  the  residential  sector  where  projections  of  household 
size,  number  of  dwelling  units  and  population  for  SFR's,  MFR's  and  total  all 
had  to  be  reconciled  at  ten  year  intervals  throughout  the  forecast  period. 


WITH-  VS.  WITHOUT -PROJECT  CONDITIONS 


Since  no  project  plan  is  contemplated  as  a  result  of  this  forecast,  no 
with-project  condition  need  be  evaluated.  However,  if  a  project  were  under 
consideration,  the  forecast  method  chosen  offers  little  assistance  in  iden¬ 
tifying  the  effects  of  the  project  on  water  use.  Due  to  the  nature  of  the 
service  area,  and  the  surrounding  topography,  any  new  water  supply  facility 
would  likely  be  remote  from  present  and  future  water  users.  Project- induced 
effects  may  be  limited,  therefore,  to  the  impact  of  lower  future  prices  on 
water  use.  Since  price  is  not  included  as  an  explanatory  variable,  differ¬ 
ences  in  future  price  levels  can  only  be  reflected  by  changes  in  model  co¬ 
efficients  (a  similar  method  is  used  to  incorporate  the  effect  of  the  existing 
water  conservation  measures).  Such  adjustments  may  be  unreliable,  and  should 
be  performed  with  caution. 


APPLICATION  OF  RESULTS 


A  forecast  produced  with  Level  3  Data  is  sufficiently  disaggregated  to 
capture  most  of  the  characteristic  trends  in  the  several  major  water  use  sec¬ 
tors.  As  such,  it  can  be  used  as  the  basis  for  planning  and  design  of  all 
but  the  largest  and  most  critical  projects.  The  data  in  this  example  pro¬ 
vides  a  direct  forecast  of  only  average  day  water  use,  although  seasonal  or 
maximum  monthly  and  daily  projections  might  be  derived  by  a  similar  approach. 


COMPARISON  WITH  OTHER  FORECASTS 


One  recent  forecast  which  employs  a  similar  disaggregation  of  water  use 
sectors  is  available  for  comparison.  Results  are  given  in  Table  VII-12  for 
comparison  with  this  example.  The  Example  C  forecast  for  the  year  2030  is 
lower  than  in  the  other  study  for  the  residential,  manufacturing  and  unac¬ 
counted  sectors.  Military  and  remainder  commercial /industrial  water  use 
is  forecast  to  be  higher  in  the  example  than  in  the  other  study.  The  trends 
in  all  sectors  are  similar  between  the  two  forecasts  except  that  of  the  re¬ 
mainder  commercial /industrial  sector.  In  the  previous  study  this  sector 
peaks  at  7.93  mgd  in  the  year  2000  then  declines  to  near  the  base  year  value 
by  2030,  while  in  this  example  it  continues  to  increase  to  the  end  of  the 
planning  period. 
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Table  VII-12.  Comparison  with  Other  Forecast  (mgd) _ 

2030 

Hxample  C  Other  Study 


Residential 

12.53 

13.40 

Manufacturing  (SIC  2  &  3) 

1.30 

3.49 

Remainder  Commercial/ 
Industrial 

11.56 

7.39 

Military 

9.30 

8.42 

Unaccounted 

4.87 

6.35 

Total 

39 . 56 

39.05 

VIII.  EXAMPLE  D  -  LEVEL  4  DATA 


Background  and  Approach 


STUDY  AREA 


The  Example  D  forecast  is  performed  for  a  portion  of  a  major  SMSA  on 
the  coastal  plain  of  mid-Atlantic  state.  The  study  centers  on  a  small  city 
and  surrounding  residential  area  located  approximately  30  miles  from  the 
SMSA  center.  The  city  has  a  population  of  45,000  and  significant  industrial 
employment,  including  petroleum  refineries  and  shipyards.  The  surrounding 
area  includes  12  small,  largely  urbanized  municipalities. 

The  study  area  is  identical  to  the  service  area  of  a  quasi-independent 
water  authority,  which  includes  the  city  and  surrounding  municipalities  and 
townships.  The  utility  serves  more  than  100,000  people,  as  well  as  compara¬ 
tively  large  commercial  and  industrial  sectors.  The  primary  raw  water  source 
is  a  utility-owned  impoundment  more  than  30  miles  from  the  service  area. 
Provisions  have  been  made  for  emergency  withdrawals  from  a  major  river  60 
miles  from  the  service  area. 

During  the  past  decade,  the  city  has  experienced  deteriorating  economic 
conditions  and  declining  population.  The  current  unemployment  rate  is  al¬ 
most  twice  the  national  average.  Recent  trends  suggest  that  further  decline 
in  services  and  commercial  activity  is  inevitable.  Housing  stock  within  the 
city  is  old  and  frequently  deteriorated;  there  has  been  little  new  develop¬ 
ment  in  recent  years.  Conversely,  the  outlying  areas  are,  for  the  most  part, 
affluent  residential  communities.  Economic  conditions  and  prospects  in  the 
suburbs  are  generally  good. 

The  study  area  enjoys  a  cool  temperate  climate  with  mild  to  severe 
winters,  accompanied  by  warm  and  humid  summers.  Annual  precipitation  is 
more  than  40  inches;  summer  precipitation  is  generally  less  than  10  inches. 
Temperature  changes  are  moderated  by  the  proximity  of  a  large  estuary  and 
the  Atlantic  Ocean. 


FORECAST  REQUIREMENTS 


The  forecast  described  here  is  carried  out  for  the  purpose  of  planning 
a  multi-purpose  water  resource  project,  which  would  augment  the  present  water 
source  for  the  study  area.  The  planning  process  will  include  the  considera¬ 
tion  of  all  feasible  alternatives,  including  water  conservation.  The  study 
area  is  the  only  part  of  the  SMSA  considered  for  inclusion  in  the  project, 
due  to  the  existing  water  transmission  main  connecting  the  utility  service 
area  to  locations  in  the  vicinity  of  the  proposed  project. 


■£ 
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In  order  to  provide  the  required  information,  the  forecast  method  chosen 
must  incorporate  sectoral  disaggregation  as  well  as  separate  consideration  of 
average  day  and  maximum  day  water  use.  Since  the  capacities  of  the  existing 
pipeline  and  of  distribution  storage  will  be  investigated  in  the  course  of 
project  planning,  peak  hour  water  use  may  be  of  interest  as  well.  The  level 
of  disaggregation  must  be  sufficient  to  permit  complete  evaluation  of  all 
feasible  water  conservation  measures.  Forecasts  are  required  for  the  1980- 
2030  period,  at  ten  year  intervals. 


CHOICE  OF  FORECASTING  METHOD 

Both  the  intended  application  of  the  forecast  (project  planning  includ¬ 
ing  consideration  of  water  conservation)  and  the  nature  of  the  study  area 
(deteriorating  commercial  and  industrial  base  with  widely  different  trends 
in  different  parts  of  the  residential  sector)  indicate  a  need  for  a  highly 
disaggregate  forecasting  approach.  Furthermore,  data  availability  for  the 
study  area  is  comparatively  good.  The  water  utility  has  undertaken  detailed 
analyses  of  available  population  data,  and  has  prepared  population  forecasts 
for  the  study  area.  Also,  billing  records  are  routinely  analyzed  to  deter¬ 
mine  water  use  by  major  sector  (residential,  commercial,  industrial,  public). 
Information  available  generally  corresponds  to  Data  Level  4,  as  defined  in 
Section  II. 

Based  on  these  considerations,  the  IWR-MAIN  System  was  chosen  for  use 
in  this  study.  The  IWR-MAIN  System,  presently  available  through  the  Institute 
for  Water  Resources,  U.  S.  Army  Corps  of  Engineers,  is  the  only  available  com¬ 
puter  model  capable  of  using  Level  4  data  to  provide  a  fully  disaggregate 
forecast.  It  is  based  on  the  earlier  MAIN  II  System,  developed  by  Hittman 
Associates,  Inc.,  for  the  U.  S.  Department  of  the  Interior  (Hittman  Associates, 
1969).  The  IWR-MAIN  System  is  a  computerized  forecasting  system  containing 
a  range  of  forecasting  models,  parameter  generating  procedures,  and  data 
management  techniques.  It  estimates  water  use  at  a  highly  disaggregate  level 
and  provides  considerable  flexibility  in  selecting  forecast  methods  and  as¬ 
sumptions.  It  requires  little  or  no  calibration,  and  can  be  used  even  where 
much  of  the  specific  data  are  unavailable. 

The  IWR-MAIN  System  takes  into  account  four  water  use  sectors:  residen¬ 
tial,  commercial /institutional,  industrial,  and  public  and  unaccounted  for 
water  uses.  Each  sector  is  further  disaggregated  for  forecasting  purposes 
into  a  number  of  water  use  categories,  as  shown  on  Table  V 1 1 1 - 1 .  Up  to  284 
different  commercial,  institutional,  residential,  industrial  and  public  water 
use  categories  can  be  used. 

Water  use  is  estimated  by  different  methods  in  the  various  water  use  sec¬ 
tors.  For  the  residential  sector,  domestic  (indoor)  water  uses  are  computed 
by  econometric  demand  models,  which  consider  the  price  of  water  where  approp¬ 
riate.  Sprinkling  requirements  are  estimated  separately,  using  demand  models 
which  include  among  other  variables,  area  of  irrigable  land  and  price  of  water. 
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Table  VIII-1. 

Internal  Structure  of  the  IWR-MAIN  System 

Sector 

Categories 

Residential 

Metered  and  Sewered 

Domestic  Use 

Sprinkling  Use* 

Metered  with  Septic  Tanks 

Domestic  Use 

Sprinkling  Use* 

Flat  Rate  and  Sewered 

Domestic  Use 

Sprinkling  Use* 

Flat  Rate  with  Septic  Tanks 

Domestic  Use 

Sprinkling  Use* 

Commercial/ 

Institutional 

Subdivided  by  type  of  establishment:  up  to 

50  categories  available 

28  categories  provided 

Industrial 

Subdivided  by  3-digit  SIC  Code:  up  to 

200  categories  available 

140  categories  provided 

Public/Unaccounted 

Subdivided  by  type  of  water  use:  up  to  30 
categories  available 

3  categories  provided 

♦Separate  sprinkling  models  provided  for  east  and  west  U.S. 
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Commercial/institutional  water  use  requirements  are  computed  by  the 
unit  use  coefficient  method.  Each  commercial/institutional  water  use  cate¬ 
gories  is  measured  by  a  different  parameter,  while  the  corresponding  water 
use  coefficients  are  derived  from  previous  studies  of  these  water  use  cate¬ 
gories.  The  parameters  for  barber  shops  or  beauty  salons,  for  example,  are 
number  of  chairs  or  stations.  Hospitals  and  nursing  homes  are  measured  by 
number  of  beds,  while  churches,  golf  and  swim  clubs  are  measured  by  total 
membership.  The  water  use  coefficients  are  given  in  gpd  per  barber  chair, 
gpd  per  beauty  shop  station,  etc. 

Industrial  water  use  is  estimated  by  the  per-employee-use  coefficient 
method.  Employment  figures  for  each  firm,  grouped  by  3-digit  SIC  codes  are 
used  as  water  use  parameters.  The  water  use  coefficients  provided  for  each 
3-digit  SIC  code  give  use  in  gpd  per  employee.  Public  and  unaccounted  for 
water  uses  are  computed  by  per  capita  methods,  using  total  service  area 
population. 

The  various  water  use  models  depending  on  the  categories  being  used, 
require  predicted  values  for  as  many  as  several  hundred  parameters  (such  as 
number  of  housing  units  in  a  specific  value  class,  number  of  square  feet  of 
office  space,  etc.).  The  IWR-MAIN  System  provides  three  alternate  methods 
for  providing  parameter  projections. 

1.  Projection  by  internal  growth  model  (based  on  user-provided  key 
projections  of  several  parameters,  including  population,  personal 
income  and  total  employment) ; 

2.  Projection  by  extrapolation  of  local  historic  data  for  the  parameter 
of  interest;  and 

3.  Use  of  projections  made  external  to  the  IWR-MAIN  System  and  provided 
by  the  user. 

Irrespective  of  which  (parameter  projection)  method  or  combination  of 
methods  is  selected,  a  complete  set  of  base  year  parameter  data,  together 
with  a  small  amount  of  historic  data,  are  required  in  the  input  stream. 

Then  for  each  forecast  year  a  considerable  range  of  options,  with  varying 
data  requirements,  are  available.  When  some  of  the  parameters  are  not  avail¬ 
able,  the  IWR-MAIN  System  will  complete  an  internally  consistent  set  of 
parameter  forecasts.  Reports  and  summaries  of  water  use  are  generated  for 
each  forecast  year. 

Compared  to  the  original  MAIN  II  System,  IWR-MAIN  is  an  enhanced, 
updated,  and  interactive  version,  currently  being  supported  by  IWR  and 
accessible  to  Corps  of  Engineers  users  through  the  Boeing  Computer  System. 

The  enhanced  version  omits  some  outdated  data  requirements,  and  accepts  all 
price,  income  and  value  data  in  1980  dollars.  Among  the  new  procedures  pro¬ 
vided  are: 

1.  IWR-Edit.  —  An  interactive  procedure  designed  to  prompt  the  user 
through  the  creation  of  a  parameter  data  file.  IWR-Edit  can  be 
used  to: 

i.  Create  a  parameter  data  file, 
ii.  Resume  creating  a  parameter  data  file  which  was  not 
completed  in  a  previous  session. 
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iii.  Add  project  data  to  an  "estimate  only"  parameter  data 
file,  and 

iv.  Update  an  existing  data  file. 

2.  IWR-Run.  —  This  procedure  consists  of  three  separate  operations. 

Each  operation  is  executed  as  required  by  the  user's  application 
and  data  requirements.  IWR-Run  provides  interactive  assistance 
to  the  user.  The  three  operations  are: 

i.  Run  the  library  modification  program  to  ensure  that 
required  additions  or  changes  are  made  to  the  library 
of  water  use  coefficients. 

ii.  Print  the  working  library  of  water  use  coefficients, 

iii.  Execute  the  IWR-MAIN  model. 

5.  IWR-PRINT.  -  This  procedure  enables  the  user  to  print  some  or  all 
IWR-MAIN  system  reports  at  a  designated  terminal. 

Among  other  reasons  for  choosing  the  IWR-MAIN  System  for  this  forecast  , 
flexibility  and  available  on-line  help  make  the  program  easy  to  learn,  and 
greatly  reduce  the  time  required  to  use  the  System.  The  integrated  procedures 
also  reduce  conceptual  and  operational  errors  common  among  new  users  of  the 
original  MAIN  II  System. 


Data  Collection 


The  IWR-MAIN  System  requires,  at  a  minimum,  data  for  a  range  of  variables 
in  the  base  year,  as  well  as  selected  historical  data.  The  methods  used  to 
collect  these  data  are  described  here.  The  data  values  obtained  are  listeJ 
in  the  Appendix  to  this  Section,  which  reproduces  the  computer  program  input 
as  well  as  output  reports. 


BASE  YEAR  DATA 


General  Information 


Table  VI 1 1-2  indicates  the  categories  of  general  information  which  must 
be  provided  for  the  base  year  (1980).  In  addition,  specific  sectoral  data 
are  required,  as  described  below. 

Population  corresponding  to  the  smallest  available  areal  units  should 
be  collected  and  aggregated  to  obtain  the  study  area  population.  This  method 
minimizes  arbitrary  allocations,  improving  accuracy.  In  this  example,  muni¬ 
cipal,  township  and  borough  level  data  are  used.  When  only  a  portion  of  a 
municipality  is  included,  and  data  are  not  available  for  smaller  units,  an 
assumption  of  uniform  population  distribution  is  used  to  allocate  population 
by  area.  Population  data  and  other  demographic  information  were  obtained 
from  the  U.  S.  Census  tape,  provided  by  the  state  data  center. 
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Table  VIII-2.  List  of  Base  Year  General  Information,  IWR-MAIN  System 


1.  Calendar  year  of  current  parameter  values  provided. 

2.  Latitude  of  urban  area  being  studied. 

3.  Longitude  of  urban  area  being  studied. 

4.  Population  of  study  area  in  base  year. 

5.  Gross  population  density  of  study  area  in  base  year. 

6.  Fraction  of  the  population  which  is  in  the  20  to  39  year  age  group 
in  the  base  year. 

7.  Total  employment  within  the  study  area  in  the  base  year. 

8.  Total  employment  within  the  study  area  in  the  transportation, 
communications,  and  utilities  industries. 

9.  Per  capita  personal  income  of  population  residing  within  study  area, 
expressed  in  1960  dollars. 

10.  Total  employment  in  service  industries  within  the  study  area  for  the 
base  year. 

11.  Department  of  Commerce  National  Composite  Construction  Cost  Index 
for  the  base  year. 
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Total  employment  data  for  areas  smaller  than  a  major  political  jurisdic¬ 
tion  (such  as  a  county)  may  be  difficult  to  obtain.  Employment  data  for 
specific  categories  can  be  identified  from  the  U.  S.  Department  of  Commerce's 
County  Business  Patterns,  a  local  industrial  directory,  etc.  When  certain 
information  are  aggregated  to  a  higher  level,  a  rational  and  consistent 
method  should  be  derived  to  disaggregate  such  information.  Other  base  year 
data  may  be  available  from  statistical  abstracts  and  related  publications. 


Residential  Data 


Residential  housing  data  are  divided  among  four  major  categories  accord¬ 
ing  to  the  typo  of  water  and  sewer  service  provided: 

1.  Flat  rate  and  septic  tank 

2.  Flat  rate  and  sewered 

3.  Metered  and  septic  tank 

4.  Metered  and  sewered 

The  data  required  for  each  category  are  shown  in  Table  VIII-3.  Most  of 
the  necessary  data  are  available  at  the  political  subdivision  level  from 
Census  tapes.  In  the  case  of  rental  properties,  some  manipulation  is  needed 
to  convert  contract  rents  to  equivalent  home  values.  The  following  formula 
was  used  for  this  purpose. 


F 


q+j)  -  i 

..N 

i(l+i) 
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Where:  F  =  conversion  factor, 

i  =  1980  mortgage  rate  =1.017/',  per  month  (12.27  per  year),  and 
N  =  360  months. 

The  product  of  the  monthly  rent  and  the  conversion  factor,  F,  is  the  estimated 
home  value. 

When  two  or  more  units  share  the  same  address,  these  units  are  treated  as 
apartments  and  included  in  the  commercial  water  use  sector. 


Commercial/Institutional  Data 


Base  year  values  of  selected  parameters  (which  measure  commercial/institu¬ 
tional  water  use)  are  needed  for  each  commercial/institutional  category  (Table 
VIII-4).  Also,  base  year  employment  for  eaci;  category  must  be  provided.  Most 
of  the  required  data  can  be  collected  by  telephone  survey.  Information  on 
numbers  of  hotels,  motels,  school  enrollments,  medical  facilities  and  correc¬ 
tional  institutions  may  be  available  through  appropriate  local  agencies. 

Some  commercial  and  institutional  parameters,  such  as  total  retail  space 
or  new  and  old  office  space,  may  be  difficult  to  obtain.  Personal  knowledge 
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Table  VIII-3.  List  of  Base  Year  Residential  Data,  IWR-MAIN  System 

For  each  residential  category: 

1.  Marginal  price  of  water  (where  applicable). 

2.  Assessment  factor. 

3.  Housing  density  expressed  in  dwelling  units  per  residential  acre. 

4.  Number  of  occupied  housing  units  in  a  value  range. 

5.  Population  density  expressed  in  persons  per  housing  unit. 

6.  Marginal  price  of  seasonal  water  (where  applicable). 

7.  Low  limit  of  a  property  value  range. 

8.  Upper  limit  of  a  property  value  range. 

9.  Number  of  value  ranges  in  low  value  group. 

10.  Number  of  value  ranges  in  medium  value  group. 

11.  Number  of  value  ranges  in  high  value  group. 
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Table  VIII-4.  List  of  Base  Year  Commercial  and  Institutional  Parameter 

Data,  IWR-MAIN  System 


Barber  shop  chairs 
Beauty  salon  stations 
Bus  depot  area  (sq.  ft.) 

Car  wash  inside  area  (sq.  ft.) 


Church  members 


Golf  and  swim  club  members 


Bowling  alley  lanes 

College  students  (residential) 

Hospital  beds 

Hotel  area  (sq.  ft.) 

Laundromat  area  (sq.  ft.) 
Laundry  area  (sq.  ft.) 

Medical  office  area  (sq.  ft.) 


Motel  area  (sq.  ft.) 


Drive-in  movie  car  stalls 


New  office  building  area  (sq.  ft.) 
Old  office  building  area  (sq.  ft.) 
Jail  and  prison  residents 


Restaurant  seats 


Drive-in  restaurant  stalls 


Night  club  patronage  (per  day) 

Retail  space  (sq.  ft.) 

School  students,  elementary 

School  students,  high 

Service  station  inside  area  (sq.  ft.) 


Theatre  seats 


of  the  service  area  and  discussion  with  (for  example)  real  estate  agencies 
can  be  helpful  in  estimating  these  parameters.  Thompson  et  al .  (1976)  de¬ 
veloped  a  subroutine  for  the  MAIN  System  which  estimates  all  commercial  and 
institutional  parameters.  The  subroutine  is  judged  to  be  useful  in  the  ab¬ 
sence  of  local  data.  In  this  study,  retail  and  office  space  were  estimated 
by  the  subroutine,  with  some  corrections  to  reflect  known  local  conditions. 

The  model  developed  by  Thompson  et  al.  (1976)  can  also  be  used  to 
estimate  total  employment  figures  for  the  study  area.  Alternatively,  employ¬ 
ment  figures  may  be  derived  from  County  Business  Patterns  data  which  include 
total  employment  and  total  number  of  establishments  by  business  type. 


Industrial  Data 

The  number  of  base  year  employees  for  selected  three-digit  SIC  codes 
(between  200  and  399)  are  required  by  the  1WR-MAIN  System.  Employment  data 
are  available  from  the  U.  S.  Census  of  Manufacturers,  State  employment  se¬ 
curity  office,  and  directly  from  local  industries.  Incomplete  data  may  be 
estimated  from  average  firm  size  figures  calculated  from  County  Business 
Patterns  Data. 


Public  and  Unaccounted  Data 

Losses  in  the  distribution  system  and  fire  fighting  water  use  are  esti¬ 
mated  by  the  IWR-MAIN  System  on  a  per  capita  basis.  Airport  water  use,  when 
applicable,  is  estimated  from  passenger  volumes,  available  from  airport  offi¬ 
cials.  Other  public  water  use  categories  may  be  added  as  needed. 


HISTORIC  DATA 

The  rates  of  change  over  at  least  one  historic  period  must  be  provided 
for  selected  variables,  as  shown  on  Table  VIII-5.  These  data  are  collected 
in  the  same  manner,  and  from  the  same  sources,  as  the  base  year  data  dis¬ 
cussed  above.  Attention  must  be  given,  however,  to  the  possibility  of 
changes  in  categories  and  definitions  of  available  data  over  time.  No  such 
problems  were  encountered  in  this  study. 


OTHER  INFORMATION 

The  current  water  supply  source  is  a  surface  reservoir  about  30  miles 
west  of  the  city,  with  a  safe  yield  of  30  mgd.  In  addition  there  is  a  pipe¬ 
line  and  installed  pumping  facility  for  30  mgd  withdrawal  from  a  major 
river  when  needed.  No  water  is  imported  into  the  area,  but  some  2.5  mgd  is 
sold  at  wholesale  to  other  utilities.  There  are  plans  to  add  small  additional 
service  areas  along  the  transmission  mains. 
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Table  VIII-5.  List  of  Historical  Data,  IWR-MAIN  System 

Population  of  study  area. 

Total  number  of  single  family  residences. 

Fraction  of  all  residences  in  the  medium  value  range  (more 
than  $25,000  value  at  1980  prices,  but  less  than  $50,000). 

Fraction  of  all  residences  in  the  high  value  range  (at  least 
$50,000  value  at  1980  prices). 

Median  completed  years  of  school  by  adult  population. 

Elementary  school  enrollment. 

High  school  enrollment. 

Total  service  industry  employment. 

Total  medical/health  care  employment. 

Manufacturing  industry  employment  for  each  2-digit  SIC  code. 
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Water  demand  has  been  rather  constant  during  the  past  decade,  with  the 
average  annual  use  rate,  now  about  26  mgd,  growing  only  around  1.5  percent 
per  year.  Water  rates  use  a  decreasing  block  structure,  although  the  first 
block  of  25,000  gallons  per  month  includes  most  residential  use.  No  water 
conservation  measures  are  now  implemented  or  planned  for  implementation. 

The  water  treatment  plant  is  located  near  the  raw  water  reservoir,  and 
has  complete  treatment.  Capacity  is  approximately  45  mgd;  pumping  capacity 
is  54  mgd.  Treated  water  is  pumped  to  two  storage  tanks  from  which  it  flows 
by  gravity  to  the  service  area  some  30  miles  away.  Transmission  main  capac¬ 
ity  is  45  mgd.  Finished  water  storage  is  located  near  the  service  area  with 
total  storage  of  100  mgd.  The  distribution  system  consists  of  approximately 
360  miles  of  pipeline  varying  in  diameter  from  4  inches  to  36  inches.  Since 
some  of  the  distribution  mains  are  50  to  100  years  old;  an  extensive  program 
of  main  relining  is  underway. 


Water  Use  Forecast 


ASSUMPTIONS 


Population  Forecast 

The  population  forecast  must  be  prepared  external  to  the  IWR-MAIN  System. 
Several  existing  forecasts  were  collected  from  state  and  local  agencies.  The 
state  forecast  is  judged  to  be  most  satisfactory,  but  is  only  available 
through  2000.  It  is,  therefore,  extended  to  2030,  based  on  the  growth  pattern 
of  the  past  three  decades  and  other  assumptions  used  by  the  state.  The  re¬ 
sulting  growth  rates  are  within  the  bounds  of  0BERS  projections  for  the  full 
SMSA.  Each  of  the  13  municipalities  and  cities  are  forecast  independently, 
then  aggregated  to  the  study  area  level.  The  resulting  forecast  is  shown  on 
Figure  VI I I - 1 . 


Per  Capita  Personal  Income 


Per  capita  personal  income  forecasts  are  adapted  from  OBERS  projections 
for  the  full  SMSA,  based  on  an  assumption  of  similar  social  and  economic  con¬ 
ditions.  In  order  to  conform  to  the  requirements  of  the  current  version  of 
the  IWR-MAIN  System,  income  projections  are  stated  in  1980  dollars  (Figure 
VIII-2). 

Other  External  Projections 


The  current  version  of  the  IWR-MAIN  System  does  not  provide  completely 
satisfactory  growth  projections  for  an  area  with  a  very  slow  growth  rate  or 
which  is  experiencing  a  decline.  To  correct  for  such  a  problem,  projections 
of  total  housing  units,  apartment  units,  and  total  school  enrollment  were 
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developed  external  to  the  IWR-MAIN  system.  All  these  projections  are 
based  on  the  adopted  state  population  forecast. 


Additional  Water  Use  Categories 


The  original  MAIN  system,  designed  in  the  19b0's  did  not  include  two 
significant  water  use  categories  of  the  1980's  —  apartment  units  and  fast 
food  restaurants.  The  residential  water  use  model,  in  its  present  form, 
is  really  only  suitable  for  single  family  housing  units.  It  is  able  to 
treat  apartments  only  as  an  optional  commercial  category.  Fast  food  res¬ 
taurants  are  also  added  to  the  list  of  commercial  categories.  Water  use 
coefficients  for  these  additional  categories  are  then  added  to  the  library 
used  by  the  IWR-MAIN  system.  The  water  use  coefficient  for  apartments  is 
adopted  from  Wolff,  at  al .  [19bb]  while  the  fast  food  restaurant  water  use 
coefficient  is  derived  from  a  sample  survey  of  such  establishments  in  the 
study  area. 


IWR-MAIN  FORECAST 


The  amount  of  IWR-MAIN  System  output  is  determined  by  the  data  pro¬ 
vided.  All  input  data  are  printed  and  up  to  nine  reports  for  each  year 
developed,  plus  a  single  summary  of  all  years.  (For  a  complete  listing, 
see  Appendix  to  this  Section.)  The  residential  reports  (an  example  is 
shown  as  Table  VUI-b)  consist  of  one  report  for  each  of  the  four  categories 
of  residential  water  use  and  a  residential  summary.  Each  report  gives  in¬ 
formation  on  value  range  of  housing  units,  number  of  units,  domestic  water 
use,  seasonal  water  use,  etc. 

The  commercial  water  requirement  report  contains  both  summary  and  de¬ 
tailed  information  on  water  use  for  all  categories  of  commercial  estab¬ 
lishments  and  institutions  selected  by  the  user  (Table  VIII-7).  Each 
report  contains  information  on  the  type  of  establishment,  unit  of  measure¬ 
ment,  number  of  units,  annual  water  use,  etc. 

Industrial  water  requirements  reports  contain  both  summary  and  detailed 
information  on  industrial  water  use,  with  information  on  industry  category, 
number  of  employees,  annual  average  water  use,  maximum  day  water  use  and 
peak  hour  water  use  (Table  VI 1 1 -8). 

Public  and  unaccounted  for  water  use  reports  consist  of  details  on 
water  loss  in  the  distribution  system,  free  service  water  uses  and  any 
other  public  use  categories  selected  (Table  VI 1 1 -9). 

The  final  report  is  a  summary  for  each  year  analyzed.  The  information 
is  broken  down  by  water  use  sectors  and  annual  average,  maximum  day  and  peak 
hourly  use  are  provided  (Table  VI 11-10). 
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Table  Vlll-8.  Example  of  Industrial  Water  Requirements  Report,  IP.SO 
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The  total  water  use  estimate  for  the  current  year  is  very  close  to  the 
records  of  the  local  water  utility,  but  there  are  differences  in  the  distri¬ 
bution  of  water  use  among  user  sectors.  Table  VI 1 1 - 1 1  summarizes  comparison 
of  base  year  results. 

The  noticeable  differences  are  high  IWR-MAIN  System  estimates  for  resi¬ 
dential  and  commercial/institutional  water  use,  and  a  low  estimate  for  public 
and  unaccounted  water  use.  The  overestimation  of  residential  water  use  could 
affect  domestic  or  seasonal  water  use,  or  both,  as  no  actual  seasonal  data 
are  available  for  comparison.  Overestimation  in  the  commercial/institutional 
sector  may  be  due  to  errors  in  parameter  estimates  from  secondary  data 
sources,  or  to  outdated  library  values  for  water  use  coefficients  which  may 
not  accurately  reflect  the  current  local,  social  and  economic  conditions. 

On  the  other  hand,  public  and  unaccounted  water  use  is  underestimated 
by  more  than  3  mgd.  The  record  provided  by  the  local  utility  for  public 
and  unaccounted  water  use  amounts  to  22  percent  of  the  total  water  use.  By 
comparison  to  other  utilities,  this  figure  is  very  high.  There  are  reasons 
to  suspect  that  part  of  the  recorded  public  and  unaccounted  water  use  is  the 
result  of  meter  misregistration  (the  recorded  per  capita  residential  water 
use  rate,  for  example,  is  low  by  comparison  to  nearby  utilities).  The  dis¬ 
tribution  system  in  the  central  city  is  50  to  100  years  old  and  many  resi¬ 
dential  and  commercial  meters  have  been  in  service  many  decades.  Smaller 
residential  and  commercial  meters  are  less  likely  to  be  tested  and/or  re¬ 
placed  than  are  larger  industrial  meters.  It  is  likely  that  a  substantial 
portion  of  the  reported  public  and  unaccounted-for  water  use  is  due  to  meter 
misregistration,  and  should  appear  as  higher  reported  water  use  for  residen¬ 
tial  and  commercial /institutional  sectors.  If  true,  this  would  greatly 
improve  agreement  with  the  IWR-MAIN  system  results  for  the  base  year. 

Municipal  water  use  forecasts  from  1980  to  2030,  in  ten-year  intervals, 
are  obtained  from  the  IWR-MAIN  system  results  and  shown  as  Table  VII1-12. 
Average  day  water  use  is  also  plotted  as  Figure  V 1 1 1 - 3 .  Forecast  municipal 
water  use  increases  at  an  average  rate  of  about  0.4  percent  per  year  for  50 
years.  The  relative  water  use  among  sectors  remains  similar  over  time,  ex¬ 
cept  for  a  slight,  relative  decline  in  commercial/institutional  water  use, 
and  a  gradual  relative  increase  in  the  industrial  sector. 


Analysis  of  Results 


DATA  AND  MODliL  LIMITATIONS 

The  IWR-MAIN  system  is  capable  of  preparing  highly  disaggregate  fore¬ 
casts  of  future  water  use,  based  on  a  moderate  quantity  of  data.  The  data, 
however,  must  be  of  relatively  good  quality  and  may  be  judged  difficult  to 
collect,  when  compared  to  data  required  by  other  forecast  methods.  In  the 
case  of  this  example  forecast,  approximately  30  to  40  man-days  were  needed 
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Table  VIII— 11-  Summary  of  Recorded  and  Estimated  1980  Water  Use 


Utility 

Records 

IWR-MAIN 

System 

mgd 

%  of  Total 

mgd 

of  Total 

Municipal* 

23.71 

100.00 

23.89 

100.00 

Residential 

5.00 

21.09 

7.52 

31.03 

Commercial/ 

Institutional 

1.45 

6.12 

3.20 

13.47 

Industry 

12.02 

50.70 

11.13 

46.87 

Public/ 

Unaccounted 

5.24 

22.10 

2.05 

8.63 

*  Excludes  wholesale  transfers  to  other  utilities 
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to  collect  anj  prepare  the  data  used.  The  data  collection  effort  may  be 
reduced  with  experience,  but  can  still  be  excessive  in  certain  applications. 

In  order  that  the  high  level  of  disaggregation  and  detail  provided  by 
the  IWR-MA1N  system  result  in  improved  forecast  accuracy,  the  quality  of 
the  data  used  must  be  relatively  high,  especially  those  data  describing 
base  year  conditions.  Since  primary  data  collection  (surveys,  actual 
counts,  etc.)  is  feasible  for  only  a  few  of  the  commercial/institutional 
parameters,  almost  all  data  must  be  obtained  from  secondary  sources  (govern¬ 
ment  statistics,  local  agencies,  etc.).  Every  effort  should  be  made  to 
locate  the  most  reliable  source  for  each  type  of  data  needed.  In  some  cases, 
no  source  will  be  found;  those  data  must  be  replaced  by  subjective  estimates. 
In  every  case,  estimates  should  be  performed  by  the  individual  having  the 
most  complete  knowledge  of  the  process  to  which  the  estimate  applies.  For 
example,  grade  school  enrollment  may  be  estimated  by  a  school  administrator, 
total  office  space  by  a  chamber  of  commerce  official  or  a  commercial  realtor, 
etc. 


Poor  quality  forecast  year  data  is  less  important  to  the  ultimate  water 
use  forecast  than  similar  problems  with  base  year  data.  Inaccuracies  in 
base  year  data  alter  resulting  forecasts  in  complex  and  subtle  ways,  not 
readily  discernible  to  the  analyst.  Errors  in  data  provided  for  a  given 
forecast  year,  on  the  other  hand,  affect  water  use  estimates  for  that  year 
only,  and  in  a  way  which  is  readily  seen  by  examination  of  the  projected 
parameters  used  to  calculate  water  use.  Where  these  parameters  seem  incon¬ 
sistent,  alternate  forecasts  can  be  prepared  with  different  data  values,  thus 
revealing  the  sensitivity  of  future  water  use  to  changes  in  the  forecast  year 
data. 


The  internal  growth  models  presently  contained  within  the  IWR-MAIN  sys¬ 
tem  have  certain  deficiencies  which  became  evident  in  the  preparation  of 
this  example.  The  system  assumes  a  large  city  or  SMSA  which  has  experienced, 
and  expects  to  continue  positive  growth.  Also,  the  internal  growth  models, 
designed  primarily  for  certain  of  the  built-in  water  use  categories,  do  not 
always  function  well  for  user-added  categories.  Certain  aspects  of  water 
use  patterns,  such  as  those  resulting  from  conservation  practices,  might 
have  changed  significantly  from  the  1960's. 

In  spite  of  these  shortcomings  the  IWR-MAIN  system  remains  a  powerful 
accounting  tool  for  estimating  and  forecasting  water  uses.  When  base  year 
data  are  available,  the  model  allows  planners  to  investigate  alternative 
scenarios  in  socioeconomic  conditions  and  growth  assumptions,  and  observe 
the  consequences  for  patterns  and  levels  of  water  use. 


PROBLEMS  ENCOUNTERED 

The  IWR-MAIN  system  is  quite  complex.  The  interactions  among  parameters 


mm 


Jh 


* 


a  ~* 


VII1-26 


and  their  effects  on  water  use  are  not  easy  to  understand  without  consider¬ 
able  study  of  the  forecast  models  and  assumptions.  The  limitations  of  the 
growth  models,  noted  above,  led  to  erroneous  initial  forecasts  of  certain 
parameters;  for  example,  number  of  apartment  units.  The  growth  models 
built  into  the  IWR-MAIN  system  do  not  produce  the  desired  growth  trends 
for  these  added  user  categories.  To  circumvent  the  problem,  external  fore¬ 
casts  consistent  with  population  forecasts  were  provided  to  the  IWR-MAIN 
system.  The  external  forecasts  were  proportionally  adjusted  to  obtain  the 
desired  outcome  without  modifying  the  model.  Similar  problems  were  en¬ 
countered  with  school  enrollments  and  total  number  of  housing  units.  In 
both  cases,  external  forecasts,  consistent  with  the  population  projections, 
were  provided  to  override  the  internal  growth  models. 


WITH-  VS.  WITHOUT -PROJECT  CONDITIONS 


The  forecast  summarized  on  Table  VIII-12,  and  detailed  in  the  Appendix 
to  this  Section,  represents  without-project  conditions  in  the  study  area. 
Should  the  proposed  project  be  constructed,  water  use  would  be  affected  in 
two  ways: 

1.  The  future  price  of  water,  presently  assumed  to  remain  constant  in 
real  terms,  would  be  reduced  by  5  percent  after  1990;  and 

2.  The  future  per  capita  income  in  the  service  area  will  exceed  with¬ 
out-project  projections  by  a  constant  2  percent  after  1990  as  a 
consequence  of  project- induced  economic  activity. 

Due  to  the  comparatively  remote  location  of  the  project,  no  land  use-related 
or  other  effects  are  expected. 

The  IWR-MAIN  System  was  used  to  obtain  another  set  of  forecasts  incor¬ 
porating  the  with-project  levels  of  water  price  and  per  capita  income,  with 
all  other  assumptions  and  data  unchanged.  These  forecasts  are  summarized 
on  Table  VIII-13.  Average  day  water  use  is  seen  to  increase  slightly  (about 
0.25  mgd)  over  the  affected  period  (2000-2030)  (see  Table  VIII-12).  Maximum 
day  water  use  increases  relatively  more,  as  much  as  0.93  mgd  in  2030. 


APPLICATION  OF  RESULTS 


The  forecast  produced  by  the  IWR-MAIN  system  can  be  used  for  facility 
planning  at  all  levels  of  water  supply,  transmission,  treatment,  and  dis¬ 
tribution.  In  addition  to  average  day  water  use  forecasts,  estimates  of 
maximum  day  and  peak  hour  water  use  are  prepared,  providing  useful  design 
factors.  Perhaps  more  importantly,  the  model  reveals  possible  differential 
growth  trends  among  sectors  which  may  become  critical  to  future  facility 
requirements.  The  ease  with  which  assumptions  can  be  changed  to  provide 
alternative  scenarios  or  conditional  forecasts  is  perhaps  the  strongest  point 
in  favor  of  the  IWR-MAIN  system.  Where  sufficient  effort  can  be  devoted  to 
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Table  VIII-13. 

With-Project  Water  Use  Forecast 

2000  -  2030  (mgd) 

Mean 

Max 

Peak 

Year 

Annual 

Day 

Hour 

2000 

25.91 

35.89 

64.96 

2010 

27.24 

37.61 

68.08 

2020 

28.51 

39.08 

70.36 

2030 

29.79 

40.62 

72.83 
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data  collection,  the  IWR-MAIN  system  provides  a  detailed  and  credible  fore¬ 
cast,  which  yields  information  of  considerable  use  to  the  planning  process. 


COMPARISON  WITH  OTHER  FORECASTS 


The  only  other  known  forecast  for  the  planning  area  was  prepared  almost 
simultaneously  with  the  example  forecast  by  the  local  water  utility.  The 
forecasts  are  compared  in  Table  VIII-14.  The  IWR-MAIN  system  produced  lower 
7.5  percent  lower  for  1990  and  11.7  percent  lower  for  2000.  These  differ¬ 
ences  result  in  part  from  differences  in  the  population  projections  used. 

The  local  utility  relied  on  locally  prepared  projections,  which  were  more 
optimistic  about  future  growth  than  was  the  state  projection  used  in  the 
IWR-MAIN  system  forecast.  Had  the  local  forecast  been  based  on  the  same 
population  forecast  used  here,  however,  the  IWR-MAIN  forecast  would  have 
again  been  lower,  by  2.9  percent  in  1990  and  by  0.5  percent  in  2000. 
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Table  VII1-14.  Comparison  With  Other  Forecast  (mgd) 


Year 

MAIN 

Forecast 

Utility 

Forecast* 

1980 

23.9 

23.7 

1990 

24.7 

26.7 

2000 

25.7 

29.1 

2010 

27.0 

-- 

2020 

28.2 

-- 

2030 

29.5 

" 

* 

2.5  wholesale  water  use  excluded. 
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LISTING  OF  MAIN  II  SYSTEM 
INPUT  DATA  AND  OUTPUT  REPORTS 
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COMFC.IPL  COMFEMPl 

C0C1  1.000  COO  I  J.COO 

ENDS  0.000  EMDD  0.000 

EHDYEAR  EHDYEAR 

REDIHP  MEWYEAR  REDINP  KEWYEAR 


CURRENT  RESIDENTIAL  WATER  REQUIREMENTS  IN  GALLONS  PER  DAY 


MUNICIPAL  WATER  REQUIREMENTS  FOR  THE  CITY  OF  LEVEL  4  DATA  STUDY  FOR  THE  YEAR  1980 
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MUNICIPAL  WATER  REQUIREMENTS  FOR  THE  CITY  OF  LEVEL  4  DATA  STUDY  FOR  THE  YEAR  2000 
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IX.  EXAMPLE  E  -  PROBABILISTIC  FORECAST 


Background  and  Approach 


Example  E  is  based  on  the  same  study  area  and  data  used  in  the  Example 
C  forecast  (Section  VII).  The  data  collected  for  that  forecast  correspond 
generally  to  Level  3  (see  Section  II),  and  include  estimates  of  sectoral 
water  use  obtained  by  sampling  each  major  user  group.  The  probabilistic 
forecast  described  here  is  based  on  the  same  forecasting  method  applied  in 
Example  C,  although  the  contingency  tree  approach  described  can  be  used  in 
conjunction  with  any  forecasting  method. 

The  contingency  tree  approach  was  first  proposed  for  water  use  fore¬ 
casting  applications  by  Whitford  (1972).  Its  purpose  is  to  approximate  the 
probability  distribution  of  possible  water  use  levels,  so  that  probabilistic 
statements  can  be  made  concerning  future  water  use.  This  is  done  by  consid¬ 
ering  a  range  of  outcomes  for  each  of  a  number  of  uncertain  factors  or 
future  conditions  known  to  affect  water  use.  A  probability  of  occurrence  is 
assigned  to  each  discrete  event  (each  alternative  level  of  a  particular  fac¬ 
tor,  for  example),  and  joint  probabilities  are  calculated  for  all  possible 
combinations  of  events.  The  original  forecasting  method  is  used  to  estimate 
future  water  use  for  each  possible  combination  of  events,  and  each  water  use 
level  is  associated  with  its  corresponding  probability.  Accumulation  of 
these  results  gives  a  probability  distribution  of  future  water  use  which  in¬ 
corporates  the  uncertainty  attributed  to  all  factors  considered. 


Data  Collection 


BASIC  FORECAST  DATA 


All  data  required  to  produce  a  basic  forecast  of  water  use  for  the  study 
area  were  collected  as  a  part  of  the  Example  C  forecast,  and  are  described  in 
Section  VII.  Water  use  data  were  obtained  by  sampling  various  user  sectors, 
and  are  available  for  the  following  major  sectors: 

1.  Residential 

2.  Commercial/Industrial 

3.  Institutional  (military) 

4.  Public/unaccounted 

The  residential  sector  is  further  divided  into  single  family  residences  (SFR) 
and  multi-family  residences  (MFR) .  The  commercial /industrial  sector  has  two 
subsectors:  (1)  manufacturing  firms  with  water  use  in  excess  of  50,000  gpd, 

and  (2)  all  other  firms.  Projections  were  obtai.ed  or  derived  for  population, 
number  of  households  by  household  type  (SFR  or  MFR),  household  size,  employ¬ 
ment,  military  personnel,  and  unaccounted  water.  These  projections  appear 
in  Section  VII  as  Tables  VII-4,  VII-<>,  VII-8,  and  VI I  - 1 0 . 


PROBABILITY  ESTIMATES 


Residential  Sector 


Least  squares  linear  regressions  are  derived  (in  Section  VII)  from  the 
SFR  and  MFR  data.  The  most  significant  regressions  express  water  use  for 
SFR's  in  terms  of  consumption  per  household  and  for  MFR’s  in  terms  of  con¬ 
sumption  per  capita  (see  Equations  VII-1  and  VII-2).  Within  each  of  the 
subsectors,  a  water  conservation  scenario  is  incorporated  which  allows  for 
the  replacement  of  conventional  water  taps  and  shower  heads  by  water  saving 
fixtures,  giving  modified  equations  VII-3  and  VII-4. 

Water  use  for  the  residential  sector  is  stated  as  follows: 

RESUSE  =  (SFHHo*QRESq)  +  (SFHH^QRESJ  +  (MFPOP^QPC^  +  (MFPOPn*QPC  )  (IX-1) 

Where:  RESUSE  =  residential  water  use 

SFHH  =  Number  of  single  family  households  with  old  (o)  or  new 
(n)  plumbing  fixtures 

QRES  =  water  use  per  residence  with  old  (o)  or  new  (n)  plumb¬ 
ing  fixtures 

MFPOP  =  population  in  multi-family  residences  with  old  (o)  or 
new  (n)  plumbing  fixtures 

QPC  =  water  use  per  capita  with  old  (o)  or  new  (n)  plumbing 
fixtures  in  multi-family  residences. 

The  sample  data  described  in  Section  VII  provide  probability  distributions 
for  QRES  and  QPC  with  conventional  plumbing  fixtures.  The  same  distributions, 
shifted  to  give  a  lower  mean  value,  are  assumed  to  apply  in  the  case  of  water 
conserving  fixtures.  This  quantitative  information  regarding  the  variability 
of  QRES  and  QPC  provides  a  basis  for  describing  the  variability  of  water  use 
among  similar  households.  Variability  could  also  be  assigned  to  SFHH  and 
MFPOP,  but  these  are  assumed  fixed  for  two  reasons:  (1)  the  sample  data 
provides  some  measure  of  quantitative  support  for  variation  in  QRES  and  QPC 
which  is  not  available  for  the  other  variables,  and  (2)  alternatives  are  im¬ 
plicit  for  household  size.  Furthermore,  the  concept  of  conservation  through 
new  fixtures  need  not  be  confined  to  one  scenario  (as  in  Example  C) ,  but  is 
free  to  vary  in  effect  over  a  range  of  water  use  reductions. 

Three  values  are  chosen  for  each  of  the  two  faators  to  be  varied.  These 
values  are  based  on  the  mean  of  the  sample  data,  plus  or  minus  one  standard 
deviation.  The  resulting  assignment  of  alternatives  yields  81  possible 
values  of  residential  water  use,  although  some  values  are  considered  to  have 
negligible  probability  of  occurrence.  This  number  of  alternatives  can  be  re¬ 
duced  by  two  simplifying  assumptions: 

1.  Within  each  subsector,  the  above  average  values  for  households  with 
old  fixtures  will  combine  only  with  above  average  values  for  house¬ 
holds  with  new  fixtures,  e.g.,  whatever  societal  norms  of  water  use 
which  influence  one  set  of  households  will  also  influence  the  other 
in  a  similar  manner.  Thus,  for  SFR's  the  following  combinations 


IX-3 


ol  nl 

QRESo2  -  QRESn2 

QRESo3  -  QRESn3 

result  in  three  alternatives,  not  nine.  A  similar  combination  format 
for  QPC  reduces  the  multi-family  alternatives  from  nine  to  three. 

2.  The  alternatives  in  each  of  the  subsectors  can  combine  in  such  a  way 
that  there  is  no  more  than  one  order  of  difference  between  them. 

Thus,  the  highest  alternative  value  for  SFR's  can  combine  with  the 
highest  and  the  mean  values  of  MFR's  but  not  with  the  lowest  MFR 
value.  The  resulting  contingency  tree  indicates  seven  alternate 
values  for  the  residential  sector. 


Residential  Schematic  Alternatives 


QRES 

QPC 

COMBINATION  NO. 

U-i  - - - - 

- Hi 

1 

Ml  1 

- - Mean 

2 

_ _ 

_ _ —  Hi 

3 

A 

Mean 

Mean 

~ - Lo 

4 

c: 

Lo 

- — - — -  Mean 

6 

- - - -  Lo 

7 

The  rationale  for  this  assumption  is  again  that  societal  norms  in  water  use 
will  be  reasonably  consistent  between  residential  subsectors. 

The  "Lo"  value  for  each  coefficient  is  defined  as  the  mean  less  one 
standard  deviation  (calculated  from  sample  data);  the  "Hi"  value  is  defined 
as  the  mean  plus  one  standard  deviation.  Approximate  probabilities  are  as¬ 
signed  as  follows  to  each  of  the  alternative  values  by  analysis  of  the  shape 
of  the  relevant  frequency  distribution  of  sample  data. 


Lo 

Mean 

Hi 

SFR:  QRES  probability,  p  =  0.25, 
MFR:  QPC  probability,  p  =  0.35, 

0.43, 

0.53, 

0.32 

0.12 

The  resulting  joint  probabilities  of  values  for  residential  sector  are  shown 
in  the  following  contingency  tree. 
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0.0516 
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(Probability) 

QRES 


Joint 

Probability 


(Probability) 

QPC 


(0.25)  Lo 


- - - -  (0.65)  Mean 

-  (0.35)  Lo 


0.1625 

0.0875 


Where,  for  Hi  QRES  combined  with  Lo  QPC  and  Lo  QRES  combined  with  Hi  QPC 
there  is  zero  probability  by  the  second  simplifying  assumption  just  mentioned. 


Commercial/Industrial  Sector 


As  in  the  Exampl..  C  forecast,  the  calculation  of  commercial  and  indus¬ 
trial  water  use  is  divided  into  two  sub-sectors: 

1.  manufacturing  firms  (Standard  Industrial  Classifications  (SIC)  2  and 
3)  using  more  than  approximately  50,000  gpd;  total  1975  base  year 
usage  was  1.18  mgd. 

2.  the  remainder  of  manufacturing  and  all  other  commercial  and  indus¬ 
trial  water  u^age;  total  base  year  usage  was  7.76  mgd. 

Forecasts  of  future  water  use  are  based  upon  projected  changes  in  employ¬ 
ment  for  each  of  the  subsectors,  e.g.,  if  for  some  future  year,  employment  is 
projected  to  increase  by  25  percent  over  that  in  the  base  year,  then  water 
use  is  assumed  to  increase  by  the  same  percentage.  The  application  of  this 
algorithm  to  the  whole  forecast  period  implies  constant  water  use  per  employee 
as  the  net  result  of  water  conservation  and  increased  productivity. 

The  calculation  of  water  use  for  the  sector  takes  the  form  of  the  follow- 
ing  expression:  MANEMP  REMEMP 

CIUSE  .  .  REMQ75(rasji5E)  (IX-2) 

Where:  CIUSE  =  Commercial/Industrial  water  use 

MANQ75  =  manufacturing  subsector  water  use  in  1975 
REMQ75  =  remainder  subsector  water  use  in  1975 
MANEMP  =  manufacturing  employment  in  forecast  year  or  1975 
REMEMP  =  remainder  employment  in  forecast  year  or  1975. 

Future  employment  appears  to  be  the  only  factor  suitable  for  statement  in 
probabilistic  terms.  In  fact,  several  alternate  future  employment  projections 
are  available  for  the  study  area.  In  this  case,  and  as  a  general  matter,  con¬ 
fidence  in  any  projection  tends  to  decrease  as  the  forecast  period  increases. 
Thus,  the  variability  or  the  range  associated  with  a  given  probability  of  some 
mean  value  may  increase.  In  all  forecast  years  the  probability  of  high  and 
low  alternatives  is  assumed  to  be  25  percent,  and  for  the  example  year  the 
values  of  employment  to  which  that  probability  is  assigned  are  ±10  percent 
of  the  mean. 

For  each  subsector,  then,  three  alternatives  for  values  are  chosen 
(mean-10%,  mean,  mean  +  10%)  and  each  is  combined  with  all  three  values  for 
the  other  subsector  which  results  in  nine  alternative  values  of  water  use 
for  the  sector,  with  the  following  probabilities  of  occurrence. 
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Institutional  (Militai 


Sector 


The  institutional  sector  for  this  example  consists  entirely  of  a  military 
base  with  its  residents,  and  military  and  civilian  employees.  The  water  use 
is  disaggregated  into  two  subsectors:  one  attributed  to  residential  use  and 
the  other  designated  as  employee  related  use.  The  residential  subsector  is 
assumed  to  broadly  follow  the  pattern  of  MFR  water  use,  both  in  magnitude  and 
in  the  shape  of  the  probability  distribution  derived  from  the  sample  data. 

The  employment  subsector  (since  metered  data  are  not  available)  is  assumed 
to  account  for  the  remainder  of  usage.  Per  employee  water  use  is  estimated 
at  81  gpd  and  is  assumed  constant  over  the  forecast  period  with  a  net  zero 
balance  between  conservation  and  increasedemployee  productivity.  Base  year 
and  projected  employment  information  are  available.  The  calculation  of  water 
use  for  the  sector  takes  the  form  of  the  following  expression: 

MILUSE  =  (MFRPC  •  RESP)  +  (MI LG  •  EMPLOY)  (IX-3) 

Where:  MILUSE  =  total  water  use  for  the  military  sector 
MFRPC  =  multi-family  per  capita  consumption 
RESP  =  residential  population  on  military  base 
MILG  =  employee  water  use  per  day 
EMPLOY  =  number  of  employees  at  the  military  base 

The  high  and  low  alternatives  to  the  mean  residential  water  use  are  chosen 
as  plus  or  minus  one  standard  error  of  estimate  (30.2  gpcd)  from  the  regres¬ 
sion  estimated  with  the  residential  data  and  the  associated  probabilities  are 
the  same  as  those  for  MFR  in  the  residential  sector. 

Three  alternative  levels  are  chosen  for  military  employment  water  usage 
with  the  following  subjective  probabilities: 

Hi  (mean  +  50%)  p  ■  0.25 

Mean  p  »  0.50 

Lo  (mean  -  50%)  p  ■  0.25 


IX-6 


Thus,  the  military  sector  has  nine  alternative  values  of  water  usage  with 
associated  joint  probabilities  as  shown  in  the  following  contingency  tree. 


(Probability) 

(Probability) 

Joint 

MFRPC 

MI  LG 

Probability 

(0.25)  Hi 

0.0300 

(0.12)  Hi 

(0.50)  Mean 

0.0600 

(0.25)  Lo 

0.0300 

_ -  (0.25)  Hi 

0.1325 

(0.53)  Mean 

— —  (0.50)  Mean 

0.2650 

(0.25)  Lo 

0.1325 

^ _ (0.25)  Hi 

0.0875 

(0.35)  Lo  < 

-  (0.50)  Mean 

0.1750 

(0.25)  Lo 

0.0875 

Public/Unaccounted  Sector 

The  fraction  of  unaccounted  water  use  in  the  later  years  of  the  Example  C 
forecast  is  12.3  percent.  One  alternative  to  this  projection  is  chosen;  and 
in  the  light  of  practical  experience  elsewhere,  it  is  selected  to  be  17  per¬ 
cent.  For  illustrative  purposes,  a  subjective  probability  of  occurrence  of 
0.5  is  assigned  to  each  of  the  alternatives. 


Forecast 


The  assumption  is  made  that  the  probabilities  assigned  to  the  alterna¬ 
tives  in  each  of  the  sectors  will  remain  constant  for  any  year  within  the 
forecast  period.  The  data  and  the  assignment  of  probabilities  have  been  dis¬ 
cussed  for  each  sector  of  water  use,  and  the  number  of  resulting  alternatives 
is  as  follows: 

Number  of 
Alternatives 


Residential  7 

Commercial/industrial  9 

Institutional  (Military)  9 

Public/Unaccounted  2 

Combined  Total  1134 


The  occurrence  of  each  of  the  alternatives  in  each  of  the  sectors  is 
assumed  to  be  independent  of  all  other  events,  therefore  each  alternative  in 
one  sector  can  combine  with  all  the  alternatives  of  the  other  sectors.  The 
total  number  of  alternative  forecast  values  (1134)  is  the  product  of  the 
numbers  for  the  sectors.  The  probability  of  occurrence  of  each  of  the  alter¬ 
native  forecast  values  is  the  joint  probability  (product  of  the  marginal 
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probabilities)  of  each  of  the  contributing  sector  alternatives  as  shown  in 
the  following  diagram: 


Sector  A 

Sector  B 

Sector 

_C 

Sector  D 

Forecast 

P(aj), 

PCbj),  bj 

- 

- 

- 

P(b2),  b2 

- 

- 

- 

/  P(bj),  bx 

/PCcp. 

C1 

P(a2),  a2  ^ 

—  P(b2),  b2  ^ 

—  P(c2), 
\ 

C2 

p(dj) ,  d1 

^  P(d-) .  d 

-  PCF^,  F. 

^  P(V'  b3 

X  ?Cc3>’ 

C3 

P(b2),  b2 
P(b3),  b3 

Where :  F^  =  a2>  b2>  c2,  dj^ 

PtF^  =  P(a2)  *  P(b2}  *  Pfc2)  *  Ptdi)»  ^ 
i  =  1  to  1134. 

The  order  in  which  the  sectors  occur  and  are  brought  into  the  calculation  of 
the  forecast  has  no  effect  on  the  results. 

A  forecast  for  one  future  year  (2000)  is  chosen  for  illustration,  although 
forecasts  could  be  determined  for  any  year  within  the  planning  period.  Water 
use  is  calculated  for  each  combination  of  alternatives  and  weighted  by  the 
corresponding  joint  probability.  The  forecast  consists  of  1134  alternative 
values  of  water  use  whose  descriptive  statistics  are: 

Average  Day 
Water  Use  (mgd) 


mean  39.31 

standard  deviation  6.00 

median  39.28 

skewness  0.031 

minimum  25.5 

maximum  53.9 


The  range  of  values  of  the  forecast  is  approximately  29  mgd  and  if  the  indi¬ 
vidual  probabilities  of  the  1134  values  are  accumulated  for  1  mgd  increments, 
a  fairly  smooth,  normally  distributed  probability  mass  diagram  (histogram)  of 
water  use  can  be  drawn  (Figure  IX-1).  The  choice  of  an  increment  smaller  than 
1  mgd  would  result  in  a  smoother  histogram.  The  cumulative  probability  dis¬ 
tribution  function  for  the  forecast  is  plotted  as  Figure  IX-2. 


27  29  31  33  35  37  39  41  43  45  47  49  51  53  55 

Forecast  Average  Day  Water  Use  (mgd) 


Figure  IX- 1 .  Forecast  Water  Use  Histogram,  2000 


Probability  of  Non-Exceedance 


Analysis  of  Results 


PROBLEMS  ENCOUNTERED 

In  addition  to  those  problems  encountered  in  the  Example  C  forecast 
(Section  VII),  there  are  three  important  concerns  in  completing  a  probabilis¬ 
tic  forecast.  The  first  is  deciding  which  of  the  factors  in  the  sector  models 
to  choose  for  investigation  of  alternatives.  The  second  is  determining  alter¬ 
native  values  of  those  factors,  and  the  third  is  assigning  relative  probabili¬ 
ties  to  the  chosen  alternative  values.  Some  guidance  is  evident  when  suffi¬ 
cient  data  exist  to  construct  a  probability  distribution  for  the  factor. 
However  there  is  still  the  problem  of  picking  alternatives  which  are  repre¬ 
sentative  of  a  particular  probability  of  occurrence.  The  greatest  degree  of 
subjectivity  is  evident  where  little  or  no  information  exists  for  either  the 
magnitude  of  alternatives  or  the  probability  distribution  of  a  variable 
chosen  for  alternatives. 

Several  assumptions  had  to  be  made  during  the  interpretation  of  the 
data  and  the  calculation  of  the  forecast.  The  most  important  of  these  is 
that  the  alternative  values  of  the  water  use  in  each  sector  are  independent 
of  those  of  all  other  alternatives  in  other  sectors.  This  assumption  simpli¬ 
fies  calculation  by  defining  the  probability  of  a  forecast  alternative  as 
the  product  of  marginal  probabilities  of  the  constituent  sector  alternatives. 


APPLICATION  OF  RESULTS 

A  probabilistic  forecast  has  a  wide  range  of  application,  especially  in 
the  design  of  water  supply  facilities.  Its  usefulness  in  this  application 
is  limited  only  by  the  degree  to  which  all  uncertain  factors  can  be  quanti¬ 
fied  and  incorporated  into  the  analysis.  In  the  case  of  this  example. 

Figure  IX-2  indicates  a  mean  forecast  water  use  of  39.31  mgd.  Conventional 
design  practice  would  suggest  that  a  water  supply  capable  of  providing  ex¬ 
actly  39.31  mgd  would  be  unsatisfactory,  that  some  margin  of  safety  should 
be  added  to  provide  suitable  supply  reliability.  The  results  shown  on 
Figure  IX-2  indicate  that,  assuming  all  significant  sources  of  uncertainty 
have  been  included,  a  reliability  of  80%  (supply  capacity  not  exceeded  with 
a  probability  of  80%)  can  be  achieved  by  providing  a  capacity  of  43  mgd  (a 
safety  margin  of  3.69  mgd).  Similarly,  a  reliability  target  of  95%  can  be 
achieved  by  providing  47  mgd  supply  capacity. 

Probabilistic  forecasts,  in  addition  to  providing  for  explicit  treatment 
of  reliability  in  design,  permit  the  application  of  risk-benefit  analysis  or 
other  techniques  to  determine  optimal  reliability  targets.  They  also  permit 
more  accurate  measurement  of  water  supply  project  benefits  where  the  benefit 
function  is  asymmetric.  For  example,  suppose  that  low  future  water  use  will 
provide  no  project  benefits  at  all  (existing  facilities  are  adequate),  water 
use  near  the  mean  will  provide  moderate  benefits,  and  high  future  water  use 
will  provide  very  large  benefits.  Conventional  measurement  techniques,  which 


calculate  benefits  at  the  mean,  may  significantly  underestimate  true  project 
benefits.  Probabilistic  methods  permit  the  expected  value  of  project  bene¬ 
fits  to  be  determined,  by  taking  the  probability -weighted  average  of  the 
full  range  of  possible  future  benefits. 


COMPARISON  WITH  OTHER  FORECASTS 

As  described  in  Section  VII,  another  forecast  is  available  for  the 
study  area.  Table  IX-1  contrasts  that  forecast  for  the  year  2000  with  the 
results  of  the  probabilistic  forecast.  It  can  be  seen  that  the  alternative 
forecast  of  total  water  use  is  very  close  to  the  mean  of  the  probabilistic 
forecast.  The  alternative  forecast  for  each  sector,  furthermore,  lies  well 
within  the  range  of  probabilistic  forecasts,  although  differences  from  the 
means  vary  from  negligible  (public/unaccounted)  to  significant  (residential). 


Table  IX- 

■1.  Comparison 

With  Other  Forecast,  (mgd) 

Probabilistic 

Forecast 

Sector 

Other  Study 

Mean 

Range 

Residential 

16.09 

13.89 

8.08  —  19.73 

Manufacturing 

9.94 

10.86 

9.77  —  11.95 

Remainder  C/I 

Military 

8.24 

8.77 

4.49  —  13.05 

Unaccounted 

5.78 

5.79 

3.16  —  9.17 

Total 


40.05 


39.31 


25.5 


53.9 
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